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1.0 INTRODUCTION

This volume documents the technical aspects of the ATR Auto-

motive control system and associated software. The information contained

herein is an edited presentation of Southwest Research Institute's Final

Report on the Control System Design for the Automotive Test Rig (ATR)

Vehicle (SwRI-8284), December 1985. The report was prepared by Messrs.

Gary L. Stecklein and Benjamin A. Treickel of the Department of Engine

and Vehicle Research, Southwest Research Institute, San Antonio, Texas.

This volume addresses the control system design (hardware

and software), auxiliary components (Terra Computer and Miltope Recorder),

and transmission testing. Appendix A presents the detailed control system

software listing and Appendix B provides details of the control circuits.
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2.0 ATR CONTROL SYSTEM DESCRIPTION

Table 2.0-1 provides a listing of all of the operator input and

vehicle feedback signals, and control signals used in the ATR vehicle. This

table also indicates the pin number where these signals originate or terminate

or, the SC-1 computer. These devices can be categorized into the following

major types:

o Analog-In Signals

o Frequency-In Signals

o Digital Input Signals

o Pulse Width Modulated (PWM) Output Signals

o Digital Output Signals

These signals are discussed according to their category in the following

section.

2.1 SC-i COMPUTER INPUT SIGNALS

2.1.1 Operator Input Controls

The operator input signal devices consist of the steering

mechanism, accelerator pedal, brake pedal, transmission selector, mode

selector, and gear selector. Analog signals are provided by the steering,

accelerator and brake devices. These signals are generated by potentiometers

mounted in each of these devices. The input device displacement-to-signal

generation-to-computer software integer value relationships are presented in

Figures 2.1-1, 2.1-2 and 2.1-3 for these devices.

The mode selector, transmission selector, and gear selector

provide digital input signals to the computer. Each device is mechanically

interlocked so that only one input signal can be obtained. These signals are

received by the SC-1 computer through a Parallel IO card on card J18.

2.1.2 Speed Feedback Signals

Rotational speed feedback sinals are obtained from the engine,

the hydrostatic land drive motors, the sprulkets, ar0d the waterjet motors.

These signals are used in the software to make power and performance calcula-

tions as well as during shifting operations where these speed signals are used

to synchronize motor-to-clutch speeds.

These speeJs are obtained through Frequency to Digital (FfD)

converters. In principle these converters determine the number of internal

2.1 1 •



Table 2.0-1. Iriput/Output Signal Listing by Pin Number for the SC-i Computer

J7 Pulse Width Modulated (PWM) Output Signal

P1 Desired Low Clutch Valve Voltage (DLCVV)

P2 Desired High Clutch Valve Voltage (DHCVV)

P3 Desired Engine Speed (DES)

P4

P5 Ground

J8 Pulse Width Modulated (PWM) Output Signal

PI Port Forward Transmission Vilve Voltage (PFIVV)

P2 Starboard Forward Transmission Valve Voltage (SFTVV)

P3 Port Aft Transmission Valve Voltage (PATVV)
P4 Starhoard Aft Transmission Valve Voltage (SATVV)

PS Ground

J9 Digital to Analog Converter

Pi Read Engine Speed (RES)

P4 Read Port Motor Speed (RPMS)

P5 Read Starboard Motor Speed (RSMS)

P9 Computer Ground

P1O Read Port Sprocket Speed (RPSS)

P11 Read Starboard Sprouket Speed (RSSS)

Jil Frequency to Digital (F/D) Converter

P11 Ground

P16 Input Actual Port Motor Speed (IAPMSP)

P17 Input Actual Starboard Motor Speed (IASMSP)

P18 Input Actual Port Sprocket Speed (iAPSSP)

P19 Input Actual Starboard Sprocket Speed (IASSSP)

(
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Table 2.0-1. Input/Output Signal Listing by Pin Number for the SC-I Computer

(Continued)

J12 Frequency to Digital (F/D) Converter

P11 Ground

P16 Input Actual Port Waterjet Speed (IAPWSP)

P17 Input Actual Starboard Waterjet SpeeJ (IASWSP)

P18 Input Actual Engine Speed (IAENSP)

P19

J13 Analog to Digital (A/D Converter

Pi Input Desired High Motor Speed (IDHMSP)

P2 Input Desired High Motor Speed Ratio (IDHMSR)

P3 Input Desired Turn Ratio (IDTR1R)

P4 Input Port Bucket Angle (IAPBCN)

P5 Input Starboard Bucket Angle (IASBCW)

P6

P7

PB

P9 Ground

P1O Ground

P11 Ground

P12 Ground

P13 Ground

P14 Ground

P15 Ground

P16 Ground

P17 Computer Ground

J14 Analog to Digital (A/D) Converter

P1 input Poet Forward Motor Pressure (IPFMPR)

P2 Input Starboard Forward Motor Pressure (ISFMPR)

P3 Input Port Aft Motor Pressure (IPAMPR)

P4 Input Starboard Aft Motor Pressure (ISAMPR)

P5 Input Port Hydraulic Oil Temperature IIPHOTt4)

2.3



kTable 2.0-1. Input/Output Signal Listing by Pin Number for the SC-1 Computer
(Continued)

PO Input Starboard Hydraulic Oil Temperature (ISHOT14)

P7 Input Engine Coolant Temperature (IENCTM)

P8

P9 Ground

P10 Ground

P11 Ground

P12 Ground

P13 Ground

P14 Ground
,•P15 Ground

P16 Ground

P17 Computer Ground

FP18 Computer Ground

J15 Analog to Digital (Aux Analog In) (Required Separate Connector on SC-1
Computer Enclosure)

P1

P2

P3

P4

P5

P6

P7

P8

P9 Ground

PlO Ground

P11 Ground

P12 Ground

P13 Ground

P14 Ground

2
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S Table 2.0-1. Input/Output Signal Listing by Pin Number for the SC-1 Computer
(Continued)

P15 Ground

P16 Ground

P17 Computer Ground

P18 Computer Ground

J16 Parallel 1/0 (Switch Closures to Ground)

P1 Clamp (+24)

P18 Desired Suspension Up Valve Status

P17 rTesired Suspension Dowm Valve Status

P16 Desired Secondary Cooling Fan 4 gpm Valve Status

P15 Desired Secondary Cooling Fan 8 gpm Valve Status

P14 Desired Electric Bilge Pump Activation

P13

P12 Desired Starboard Bucket Counterclockwise Valve Status

P11 Desired Starboard Bucket Clockwise Valve Status

PlO Cl amp (+24)

P9

P8

P7

P6

PS

P4

P3

P2

P20 Clamp (+24)

P28 Low Brake and Clutch Lube Pressure Switch Status

P27 Low Brake Release Pressure Switch Status

P26 Low Brake Supply Pressure Switch Status

P25 Low Port Charge Pump Pressure Switch Status

P24 Low Starboard Charge Pump Pressure Switch Status

P23 Hydraulic Filter By-Pass Switch Status

P22 Port 1 Suspension Component Switch Status

2.5



( Table 2.0-1. Input/Output Signal Listing by Pin Number for the SC-i Computer
(Continued)

P21 Port 2 Suspension Component Switch Status

P19 Port 3 Suspension Component Switch Status

P29 Cathode Signal Return

P36 Port 4 Suspension Component Switch Status

P35 Port 5 Suspension Component Switch Status

P34 Low Suspension System Supply Pressure

P33

P32

P31

P30

P37 Signal Return for Computer

J17 Parallel I/O (Switch Closure to Ground)

P1 Clamp (+24)

P18

PI7 Desired Primary Cooling Fan on Valve Status

P16 Desired Primary Cooling Fan Stop Valve Status

P15 Desired Secondary Grill Open Valve Status

P14

P13 Desired Seawater Pump Activation

P12 Desired Waterjet By-Pass Valve Status

P11 Desired Waterjet No By-Pas Valve Status

P1O Clamp (+24)

P9

P8

P7

P6

P5

P4

P3

P2

2.6



S Table 2.0-1. Input/Output Signal Listing by Pin Number for the SC-i Computer
(Continued)

P20 (Clamp (+24)

P28 Starboard 1 Suspension Comnpoaent Switch Status

P27 Starboard 2 Suspension Component Switch Status

P26 Starboard 3 Suspension Component Switch Status

P25 Starboard 4 Suspension Component Switch Status

P24 Starboard 5 Suspension Component Switch Status

P19

P29 Cathode Signal Return

P36 Low Vehicle System Voltage Switch Status

P35 Low Control System Voltage Switch Status

P34 High Vehicle System Voltage Switch Status

P33 High Control System Voltage Switch Status

P32 Primary Grill Closed Switch Status

P30

P37 Signal Return for Computer

J18 Parallel I/O (Positive Voltage to Card)

PI Cl amp (+24)

P18 Desired Motor No By-Pass Valve Status

P17 Desired Port Bucket Counterclockwise Valve Status

P16 Desired Port Bucket Clockwise Valve Statis

P15 Desired Primary Grill Closure Valve Status

P14 Desired Primary Grill Open Valve Status

P13 Desired Hydraulic Bilge Pump Valve Activation

P12 Desired Hydraulic By-Pass Valve Status

P11 Desired Motor By-Pass Valve Status

PFi0 Clamp (+24')

P9
Pe

P7

P6

CP5

2.7
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(Table 2.0-1. Input/Output Signal Listing by Pin Number for the SC-1 Computer
(Continued)

P4

P3

P2

P20 Cladrp (+24)

P28 Aft Electric Bilge Pump Activation Status

P27 Seawater Pump Activation Status

P26 Hydraulic Bilge Pump Valve Activation Status

P25 Forward Electric Bilge Punp Activation Status

P24 Desired High Gear Selector Switch Status

P23 Desired Low Gear Selector Switch Status

P22 Desired Seaborne Mode Selector Switch Status

P21 Desired Transition Mode Selector Switch Status

P19 Desired Landborne Mode Selector Switch Status

P29 Cathode Signal Return

( P36 Desired Drive Selector Switch Status

P35 Desired Neutral Selector Switch Status

P34 Desired Reverse Selector Switch Status

P33 Desired Park Selector Switch Status

P32 Fire Sensed Switch Status

P31 Low Scavenge Pump Pressure Switch Status

P30

P37 Signal Return for Computer

J21 Not Used

J22

P A +24

B Pwr Rtn

C Ground

C
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. Table 2.0-1. Input/Output Signal Listing by Pin Number for the SC-i Computer
(Continued)

J23 Not Used

J24 Not Used

J25

P1 +24

P2 High Level Output (Forward Electric Bilge Pump Activation)

P3 Low Level Input

P4 +24

PS High Level Output (Aft Electric Bilge Pump Activation)

P6 Low Level Input

P7 +24

P8 High Level Output (Suspension Down Valve Activation)

P9 Low Level Input

"( P10 +24

P11 High Level Output (Suspension Up Valve Activation)

P12 Low Level Input

P13 +24

P14 High Level Output

P15 Low Level Input

P16 +24

P17 High Level Output

P18 Low Level Input

P19 +24

.P20 High Level Output

P21 Low Level Input

P22 +24

P23 High Level Output

P24 Low Level Input

2.9



Table 2.0-1. Input/Output Signal Listing by Pin Number for the SC-i Computer
(Conti nued)

J26

P1 +24

P2 PWM Output (Desired Low Clutch Valve Voltage (DCLVV))

P3 PWM Input from J7-1

P4 +24

P5 PWM Output (Desired High Clutch Valve Voltage (DCLVV))

P6 PWM Input from J7-2

P7 +24

P8 PWM Output (Output Desired Engine Speed (DES))

P9 PWM Input from J7-3

P10 +24

P11 PW1 Output

P12 PWM Input from J7-4

P13 +24

P14 PWM Output (Desired Port Forward Transmission Valve Voltage (DPFTVV))

P15 PWM Input from J8-1

P16 +24

P17 PWM Output (Desired Starboard Forward Transmission Valve Voltage

(DSFTVV)

P18 PWM Input from J8-2

P19 +24

P20 PWM Output (Desired Port Aft Trensmlssion Valve Voltage (DPATVV))

P21 PWM Input from JB-3

P22 +24

P23 PWM Output (Desired Starboard Aft Transmission Valve Voltage (DSATVV))

P24 PWM Input from J8-4

2.10



Table 2.0-1. Input/Output Signal Listing b Pin Number for the SC-1 Computer" ~( Continued)

J27

PI

P2

P3

P4

PS

P6

P7

P8

P9

P1O +5V

P11 +5V

P12 Reset Switch Lead (Spring Loaded Normally Open)

P13 Reset Switch Lead

P14

P15

P16

P17

P18

P19

P20

P21

P22

P23

P24

P25

J28 R5 232 intertface

P1

P2 Xmit

P3 Rev

P4

2.11



Table 2.0-1. Input/Output Signal Listing by Pin Number for the SC-i Computer (
(Continued)

P5

P6

P7 Sig Ret

PB

P9

PlO

P11

P12
P13

P14

P15

P16

P17

P18

P1g

P20

P21

P22

P23 +15V

P24 Pwr Rtn

P25 -15V

J29

P A +24V

B Pwr Rtn

C Ground

2.1(
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DESIRED TURN RATIO (DTR)

10 3014 :181k
2850 j .174. 60 6

00 2768 3.38. :169- 658.65 --
a 2670 3.26 163 56.65

0 ,.426 163. al..

1638 2 0 .100 • 6.66L oL IM 168

LI 6.4i II

1- 2 4 12762A+28

410 0 .5 .025 1:866

0')295 .38 .019 6 6.6
2-0.3 4.66

-28-26-24 -20+2 +24+26+28

Steering Mechanism Displacement (Degrees)

Pot Rotation: degrees - Steering Mechanism Rotation: degrees +32.48

Pot Resistance: k1 . Pat Rotation: degreee) (lkfl

Pot Voltage: VDC - (20OA) (Pot Resistance: kOl) -+ 20V

M lcro Inleger Value - Pot Voltage: VDC 407'5
5 1- :Microcomp uar

For Left Turns c kro -' •1
Micro s v s I

Desired Turn Ratio - (.00097) Integer -.04 al

Value

For Ugh.t Turns
Micro

Desired Turn Ratio - (- 00097) Inteser + 2.587 1 - 20V - 20 mA

Value 1 ki
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Desired High kiotor Speed (DHW-IS)
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Desired High Hotor Speed Ratio (DIUISR)
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Figure 2.1-3 Brake Pedal Displacement
Signal Relationships
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clock counts (from an internal clock that pulses at a rate of 5.1177 x 105

counts/sec) that occur between the passage of gear teeth. This provides a

direct period of measurement of the gear tooth passage which can be directly

converted to rotational speed. Figures 2.1-4, -5, -6 and -7 present the

relationships between speed and computer-integer value for the engine, land

drive motors, sprockets and waterjet motors, respectively.

2.1.3 Waterjet Bucket Angle Signals

Ahile in the transition or seaborne mode of operation, the

waterjet buckets are rotated to generate turning forces. The steering

mechanism displacment dictates the desired waterjet bucket rotation angle.

Each waterjet bucket position is individually monitored to determine if it

should be rotated clockwise, counterclockwise, or if its position is

satisfactory. Feedback signals or the actual wacerjut bucket position are

used for this analysis. Figures 2.1-8 and -9 provide the port starboard

waterjet bucket angle-to-computer software integer value relationships.

2.1.4 Hydrostatic Transmission Pressure Signals

Hydrostatic transmission feedback signals are used to determine

the torques on the hydrostatic motors and power requirements during transition f

and seaborne operation. Current loop pressure transmitters are used for this

application which have a 10,000 psi working pressure rating. The pressure-

to-computer Integer relationship for these devices is presented in Figure

2.1-10.

2.1.5 Working Fluid Temperature Signals

During vehicle operation, the port and starbord hydraulic oil

temperatures and engine coolant temperature are continuously monitored to

determine when the various cooling fans should be activated and when

over-temperature conditions exist. Resistance thermometer devices (RTDs) are

used in this application in combination with current loop transmitters which

convert the low level RTD voltage signal to a current signal. Figure 2.1-11

relates the RID output current signal-to-computer software integer value

rel ati onshi ps.

2.1.6 Digital Input Signals

The digital input signals listed in Table 2.0-1 consist of twi
major types which can be thought of as either switch signal closing to gre

or a switch signal closing to a voltage source. The input signals associh
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Figure 2,1-4 Engine Speed Signal Relationships
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Actual Part Motor Speed (AP.SP)
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Figure 2.1-5 Land Drive Motor Speed
Signal Relationships
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Figure 2.1-6 Sprocket Speed Signal Relationships
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Figure 2.1-7 Waterjet Speed Signal Relationchips
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Figure 2.1-8 Port B :ket Angle Signa•l Relationships
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Figure 2.1-9 Starboard Bucket ,,ngle( Signal Relationships
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Figure 2.1-10 Hydrostatic Pressure Signal Relationships
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with the J16 and J17 parallel I/O cards are switch closures to ground, while

the input signals associated with J18 are switch closures to a voltage supply.

For switch closures to ground, the computer parallel I/O cards (Digital

In/Digital Out) cards must provide the power necessary to provide a signal

when the switch Is clostd to ground indicating an error condition. In this
case the parallel I/O card acts as a current source. When the switch is

closed to a voltage source indicating an error condition, however, the

parallel I/0 card must act as a current sink. Figures 2.1-12 and -13 provide

electrical schematics of these two signal types and their connection to the

parallel I/O card.

2.2 SC-1 Computer Output Signals

2.2.1 Digital Output Signals

The digital output signals generated by the computer are

presented in Table 2.0-1 on 1/0 cards J16-J18. For all of these signals the

parallel I/O card acts like a current sink. Since all of the digital output

signals are driving high power level inductive devices, a relay circuit is

provided to allow the low level computer signal to energize the motor or valve

solenoid inductive devices. A typical schematic for these circuits is shown

in Figure 2.2-1.

2.2.2 Pulse Width Modulated (PWM) Output Signals

PWM signals are provided to drive the transmissionr control

valves, clutch control valves, and engine governor controller. These s gnals

are generated at a low voltage value, 4SV, in the microcomputer 1/0 chassis

and are upgraded to the +24V signal level and 1.0 amp power level through the

use of bipolar junction transistor driver circuits also housed within the I/O

chass is.

These sig als are all operated with a fixed frequency of 300 hz

and duty cycles variable between 0.0 and 100.0 percent. This yields average

voltage levels variable between 0.0 and 24.0 volts.

2.3 SC-1 Computer Description

An outline drawing of the computer -illustrating the location of

the various I/O functions (F/A, A/D, D/A, PWI4, an Parallel I/0) is presented

as Figure 2.3-1. This figure can be compared to the signal listing provided

as Table 2.0-1 to obtain a visual indication of where the input and output

( signals will be received and transmitted by the computer.
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Figure 2.1-12 Digital Input Signal Schematic
as a Switch Closure to Ground
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The SC-1 uses the 5 MHz Intel 8086 central processing unit in

unison with the Intel 8087 math processor and 8089 Input/Output processor, all

very large-scale integration (VLSI) processors. All reside on the system's

local bus. A block diagram of the computer is shown in Figure 2.3-2 and Table

2.3-1 summarizes the SC-I's general specifications.

In its current configuration, the SC-i uses a tri-processor

configuration to provide increa..ed throughput. Using the 8086's pipelined

architecture, a great amount of parallel processing can be achieved. The 8087

is a purely numeric processor and can execute some numerical instructions 500

times faster than those instructions emulated from an 8086,

The Intel 8089 is a dedicated 1/0 processor. It communicates

with an I/O expander unit which houses A/D, D/A and F/V converters, and a

parallel 1/0 board. The 8089 reads vehicle inputs at the 1/0 expander and

places them in main memory where the applications proqram can process them.

It also reads a block of data from memory which represents control outputs and

sends them to the I/O expander.

The SC/i has three subsystems of memory. First, there is a 128K

bubble memory unit to store the monitor and application programs. Second,

there are also 2K bytes of static RAM for use as a system stack. Last, for

main memory, there are 128K bytes of fault tolerant dynamic RAM. This DRAM

provides single-bit failure detect/correct and multi-bit failure detect for

the main memory.

To further mitigate the effects of a momentary software failure,

a watchdog timer is provided in the circuit. The timer receives a signal

every 100 msec from the software. If for some reason the software "lo::ý up",

a hardware reset is initiated and the program reboots from PROM. Execution

restarts with a fresh copy of the software without the operator's inter-

vention. A checksum over the application program provides a secondary

verification. The checksum is computed every 100 msec. This checksum is

compared to the original value sorted in PROM. If there is a discrepancy, the

program has been inadvertently changed. Therefore, a hardware rest and soft-

ware reload is initiated.

The SC-i's performance has been validated through many different

environmental tests to make it acceptable to military and commercial applica-

tions. It has operated successfully through vibration tests to warrant use on

2.30



LOCAL CONTROL BUS

PROGRA

SYSTEM INTERV

CLOCK CENTRAL TIMER

SSYNCH PROCESSING (6-16 BI

UNIT
IS08A)

SYSTEM
BUSCONTROLLER

ACKNOWLEDGE

NUMERICbu
DATA LOCAL BUS DEMUX

PROCESSOR li BUS

(887) 
'VERS

HIGH SP
RAM

(2 K

1/0
PROCESSOR 4

(8089)

Block d~gtamr of Sc- 7 computer. Fig ure 2.3-



INTERRUPTS FROM
&87.80W ft ERROR CORR, UNIT

4 b TO USER Ito0
LINE DRIVERS CHANNEL

PROGRAM PRIRIY PRALE
INTERVA INTERUPTINERFACEAS-3CE

TIES OTRLE AATELERTITEFC

ININTERCAOE

.TO USE

6 CONTROL

ýs A0DADSSEIN

CONROLE

Figr~2.-2 lok iagamoftT
SCiCmutr23



Table 2.3-i General Specifications for SC-i Computer

Configuration

8086/80"7/8089 triprocessor on local bus

Word Size

Instructions: 8, 16, 24 or 32 bits
Data: 8, 16 bits (single word = 16 bits)

Cycle Time

Basic instruction cycle: 0.8 s (instruction not in queue)

Memory Capacity

Onboard Bubble: 128K bytes (expandable to 256K)
Onboard DRAM: 128K bytes (error correcting single-bit detect/

correct; multi-bit detect)
Onboard SRAM: 2K bytes

I/ _Capcity
Parallel: 48 lines programmable (8255s), using two parallel inter-

face adapters (equipped with LS1 controller to emulate
IBM-360 I/O channel handshaking).

DMA: Two 16-bit DMA ports, at IM-bytes max transfer rate
Serial: RS-232 port, controlled by USART for both standard

asynchronous or synchronous (8251A) conmunications

Interrupts

Two 8-input priority interrupt controllers (15 hardware vectored
interrupt lines available). Software configured for input priori-
ties and mode (8259As).

Timer

Two timers, each equipped with three 16-bit interval timers. (Timer
outputs available as interrupt inputs.) Software configured for mode
and rate (8253s).

Power Consumption

20W

Weight

9,38 lb

(
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any application. The SC-1 can operate In a pure vacuum and In the temperature

range of -400 to +80C. All power is dissipated through the base plate; no

fan is required. The micro also has proven electromagnetic compatibility.

2.4 CONTROL SYSTEM HARDWARE CONFIGURATION

The hardware of the overall control system is illustrated in

Figure 2.4-1. The system consists of the SC-1 Computer, the Milltope

Recorder, the Terra computer, Junction boxes 1, 2, and 3, and the intercon-

necting wiring.

Southwest Research Institute Drawing No. A10048 shows the main

power, ground, and shielding electrical schematic within Junction Box 1.

Hydraulic, automotive, and control system power and ground ae received

through connectors J42-J44 of Junction Box 1. From these connections, the

power and ground sources are distributed within Junction Box 1 via Deutsch

connectors.

Appendix B of this report presents Individual circuit schematics

for all of the signals presented In Table 2.0-1. These schematics have been

( prepared as a design and diagnostics aid for the system checkout and field

diagnostics. The power, ground, and shielding portions of these individual

circuit diagrams are developed to the point where the connect with the

distribution hardware presented in Figure 2.3-1. This must be noted when

reviewing each individual circuit.

A completed set of electrical schematics and stick-line drawings

are provided under separate cover. These drawings include the following:

o Computer to computer enclosure interconnections

o Computer enclosures to Junction Box 1, and Terra computer,

and Miltope recorder Interconnections

o Junction Box 1 Schematic, Bwg. ho. A10048

o Junctions Box 1 to engine compartment sensors and actuators,

and to Junction Boxes 2 and 3 interconnections

o Junction Box 2 Schematic

o Junction Box 2 to aft vehicle drivetrain sensor and actuator

interconnections

o Junction Box 3

o Junction Box 3 to mid-vehicle drivetrain sensor and actuator

interconnections.
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3.0 ATR SOFTWARE DESCRIPTION

3.1 ATR SOFTWARE OVERVIEW AND FLOWCHART

The software for the ATR is divided into five parts as follows:

o Initial ization

o MAIN Program

o Input/Conversion Subroutines

o Calculation Subroutines

o Output Subroutines

The overall structure cf the ATR software is designed to avoid recursive

subroutine calls, GOTO's, and bit tests (where the result is not obvious)

through the use of logical variables (.TRUE. .FALSE.). In addition, logical

variables are used in the MAIN program structure to reference when subroutines

such as SHIFT and CHOMP have been called.

Figure 3.1-1 provides the main flowchart for the ATR program.

Each of thc program segments are idnividually described in the following

sections.

3.1.1 Initialization

The function of the initialization section is to set all error

flag'; to .FALSE., configure the vehicle to the transition mode and to suppress

the display of error messages until the vehicle is operating.

Called from: Nowhere (part of ATR MAIN program)

Called when: Vehicle is first started or when it is determined

that the vehicle's engine has stopped running.

Sequence of Events

When power is first turned on or the engine has stopped running:

Set error flags to FALSE.

Set all other variables to initial values.

When the engine has started;

Turn off hydraulic by-pass valve.

Output standard wait message.

Configure vehicle to transition mode.

( Wait 30 seconds for the suspension to extend.
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3.1.2 MAIN

lhe ATR MAIN program functions as a driver for the subroutines

contained within the ATR main loop. The ATR main loop is defined as those

subroutines contained within the input/conversion, calculation, and output

sections of the program.

Called from: Nowhere (starts execution when the vehicle is

started)

Called when: The SC-i is turned on

Sequence of Events

Call SEGMT.

Call SENGER.

Call SEVOS.

Call SEASA.

Call ANLGIN.

Call FREQIN.

Are we presently shifting? Yes, Call SHIFT.

Is a shift Requested? Yes, Call SHIFT.

Has CHOMP set a timer delay? Yes, if delay finished call CHOMP.

Are we presently changing modes? Yes, Call CHOMP.

Is a mode change requested? Yes, Call CHOMP.

Did CHOMP Call SHIFT? Yes, continue at the output section.

Call DEMOS.

Is the vehicle in drive or reverse? Yes, Call TREP.

Call ECAN.

Is the vehicle in drive or reverse? Yes, call ANTSTL.

Call PWMOUT.

Is the engine still running? Yes, loop back to Call SEGMT.

No, loop back to initialization.

3.1.3 Input/Conversion Subroutines

These subroutines have the task of decoding and error checking

the digital inputs in the SEGMT, SENGER, SEVOS, and SESEA subroutines, And

cunverting to engineering units and error checking the analog inputs in the

ANLGIN and FREQIN subroutines.

3.3
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3.1.3.1 Subroutine SEGMT

The subroutine SEGMT (Set, Error check, Gear, Made, Transmis-

sion) is used to set and error check the variables associated with the gear

selector switches, the mode selector ýqitches, and the transmission selector

switches.

Called from: MAIN

Called when: Each time through the loop

Sequence of Events

Get from Common DIGINW3)

Select from DIGIN(3) the bits to be checked for the Mode

Switches and plac! the bits into TLTS.

Select from DIGIN(3) the bits to be checked for the Transmission

Switches and place the bits into TPNRD

Select from DIGIN(3) the bits to be checked for the Gear

Switches and place the bits into TOGS

(9 Check to see if the Mode selector is in LAND, or TRNSTN, or SEA.

If Mode Selector is not in one of these positions then set the

Mode Selector Switch Failure (MSSF) error flag to .TRUE.

Set a default value equal to Transition mode of operation.

Check to see of the transmission selector is in PARK or NTRAL or

REVRSE or DRIVE.

If the Transmission Selector is not in one of t',ese positions

then set the Transmission Selector Switch Failure (TSSF) error

flag to .TRUE.

Set a default value of DRIVE.

Check to see if Gear Selector is in either HIGH or LOW.

If Gear Selector is not in one of these positions then set the

Gear Selector Switch Failure (GSSF) error flag to .TRUE.

3.1.3.2 Subroutine SENGER

The subroutine SENGER (Set ENGine ERrors) is used is used to
check for failures In the vehicle's oil, hydraulic, and coolant systems.

Called 'rom, MAIN

Called when: Each time through loop

3.4
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Sequence of Events

Get from common (DIGIN(1).

Have SBITS select the bits associated with the following

variables and place them in the variable TEST.

High Engine Oil Temperature Switch Status

Low Brake and Clutch Lube Pressure Switch Status

Low Brake Release Pressure Switch Status

Low Brake Supply Pressure Switch Status

Low Port Chdrge Pump Pressure Switch Status

Hydraulic Filter By-Pass Switch Status

Low Starboard Charge Pump Pressure Switch Status

Are any of the error bits TRUE.?

If the answer is "no" then do not set the individual error

flags.

If the answer is "yes" then set the individual error flags to

their present values (.TRUE. or .FALSE.).

Set Low Brake and Clutch Lube Pressure Switch Failure (LBCLSF)

error flag to present value.

Set Low Brake Release Pressure Switch Failure (LBRPSF) error

flag to present value.

Set Low Brake Supply Pressure Switch Failure (LBSPSF) error flag

to present value.

Set Hydraulic Filter By-PAss Switch Failure (HFBPSF) error flag

to present value.

Set Low Starboard Charge Pump Pressure Switch Failure (LSCPSF)

error flag to present value.

Ge from common DIGIN(2).

Low Engine Oil Pressure Switch Status

Low Port Hydraulic Oil Level Switch Status

Low Starboard Hydraulic Oil Level Switch Status

Are any of the error bits .TRUE.?

If the answer is "no" then do not set the individual error flags.

If the answer is "yes" then set the individual error flags to

their present values (.TRUE. or ,FALSE.).

3.5
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Set Low Engine oil Pressure Switch Failure (LEOPSF) error 'Flag

to present value.
Set Low Port Hydraulic Oil Level Switch Failure (LPHLSF) error

flag to present value.

Set Low Starboard Hydraulic Oil Level Switch Failure (LEHI.SF)

error flag to present value.
Have SBITS select the bits associated with the following

variables and place them -in the variable TEST.

Low Scavenge Pump Pressure Status

Fire Sensed Switch Status
Set Low Scavenge Purap Pressure Failure (LSPPSFI error flag to

present value.
Set Fire Sensed Switch Failure (FIRESF) error flag to present

val ue.
If FIRESF .TRUE , close primary and secondary grills; turn off

all fans.

3.1.3.3 Subroutine SEVOS

The SEVOS, (Set Errors for VOltage and Suspensl.on) subroutine
checks for the failure of prot and starboard suspension components, along with
checking for vehicle and control systems over or under voltages.

Called from: MAIN

Called when: Each time through loop

Sequence of Events

Get from commuon DIGIN(1).
Hbve SBITS select the bits associated with the following

variables and place them in the variable TRPORT.

Port 1. Suspension Component Switch Status
Port 2 Suspension Component Switch Status
Port 3 Suspension Component Switch Status
Port 4 Suspension Component Switch Status
Port 5 Suspension Component Switch Status
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Get from common DIGIN(2).

Have SBITS select the bits associated with the following

variables and place them in the variable TSTRBD.

Starboard 1 Suspension Component Switch Status

Starboard 2 Suspension Component Switch Status

Starboard 3 Suspension Component Switch Status

Starboard 4 Suspension Component Switch Status

Starboard S Suspension Component Switch Status

Low Vehicle System Voltage Switch Status

Low Control System Voltage Switch Status

High Vehicle System Voltage Switch Status

High Control System Voltage Switch Status

Are there any .TRUE. error bits in the variable TPORT?

If the answer is "no" then do not set the individual error

flags to their present values (.TRUE. or .FALSE.).

Set Port 1 Suspension Component Switch Failure (PISCSF) error

flag to present value.

Set Pert 2 Suspension Component Switch Failure (P2SCSF) error

flag to present value.

Set Port 3 Suspension Component Switch Failure (P3SCSF) error

flag to present value.

Set Port 4 Suspension Component Switch Failure (P4SCSF) error

flag to present value.

Set Port 5 Suspension Component Switch Failure (P5SCSF) eiror

flag to present value.

Arc there any TRUE. error bits In the variable TPORT?

If the answer is "no" then do not set the individual error flags.

If the answer is "yes" then set the individual error flogs to

their present values (.TRUE. or .FALSE.).

Set Starboard I Suspension Component 'witch Failure (SISCSF)

error flag to present value.
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Set Starboard 2 Suspension Component Switch Failure (S2SCSF)

error flag to present value.

Set Starboard 3 Suspension Component Switch Failure (S3SCSF)

er-or flag to present value.

Set Starboard 4 Suspension Component Switch Failure (S4SCSF)

error flag to present value.

Set Starboard 5 Suspension Component Switch Failure (S5SCSF)

error flag to present value.

Set Low Vehicle System Voltage Switch Failure (LVSVSF) error

flag to present value.

Set Low Control System Voltage Switch Failure (HVSVSF) error

flag to present value.

Set High Control System Voltage Switch Failure (HCSVSF) error

flag to present value.

3.1.3.4 Subroutine SESEA

The subroutine SESEA (SEt SEA/land transition) determines the

status of the bilge pumps, and ramp and grill closures. It also determines

when the bilge pumps, ramp, arid grill are in the proper position to change the

mode of operation.

Called from: MAIN

Called when: Each time through the loop

Sequence of Events

Get DIGIN(3) from common.

Have SBITS select the bits associated with the following

variables and place them in the variable CKPUMP.

AFT El ectic. f n4l e r ,, A............ ......

forward Electric Bilge Pump Activation Status

Hydraulic Bilge Pump Valve Activation Status

Get DIGIN(2) from common.
Have SBITS select the bits associated with the following

variables and place than in the variable CKRAMP.
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Primary Grill Closed Switch Status

Ramp closed and Latched Switch Status

Set Aft Electric Bi Ige Pump Activation Status Flag (AEBPSF) to

present value.

Set Seawater Pump Activation Status Flag (SEWPSF) to present

val ue.

Set Hydraulic Bilge Pump Valve Activation Status Flag (HBPVSF)

to present value.
Set Forward Electric Bilge Pump Activation Status Flag (FEBPSF)

to present value.
Set Primary Grill Closed Switch Status Flag (PGCSSF) to present

value.

Set Ramp Closed and latched Switch Status Flag (RCLSSF) to

present value.

Are all pumps on and everything closed and locked?

If the answer is "yes" set the Land to Sea Transition Flag to

.IRUE.

"No" continue.

Are the pumps off and the grill open?

If the answer is "yes" set t e Sea Land Transition Flag to .TRUE.

"No" continue.

3.1.3.5 Subroutine ANLGIN
The subroutine ANLGIN (ANaLoG INputs) converts the analog

signals from the steering, brakes, accelerator, waterjet bucket positions, and

pressure transducers. In addition, ANLGIN sets the error flags associated

with these signals and generates default values as needed.

Called from: MAIN

Called when: Each time through the loop

Sequence of Events
Convert port and starboard bucket angles on error default:

Odegrees

Convert desired high motor speed on error high default: present

value
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Convert desired high motor speed on error low default: 0 rpil

Convert high motor speed ratio (brake pedal) on error default:

0(brakes fully applied)

Convert desired turn ratio on error default. 1 (straight ahead)

Conver motor pressures on error high default: present value

Convert motor pressures on error low default: 3000 psi (lb/in')

Convert engine coolant temperature on error default: 240'F

Convert hydraulic oil temperatures on error default: 240 0 F

3.1.3.6 Subroutine FREQIN

The subroutine FREQIN (FREQuency INputs) converts the frequency

signals from the engine, motor, sprocket, and waterjet magnetic pickups. In

addition, FREQIN sets error flags associated with these signals and generates

default values as needed.

Called from: MAIN

Called when: Each time through the loop

Sequence of Events

Convert, engine, motor sprocket, and water.et speeds.

Check for engine mag pickup failure.

Check for motor and sprocket and waterjet failures only when in

drie or reverse.

Check for motor and sprocket failurs only when in land or

transition modes.

Check for waterjet failures only when in transition or seaborne

modes.

On error default value for motor failures is derived from

sprocket speeds.

On error defalt value for sprocket failures is derived from

motor speeds.

On error default value for waterjets in transition mode is fro,

motor speeds.

On error default value for waterjets in seaborne mode is from

either port or starboard waterjet.
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3.1.4 Calculation Subroutines

These subroutines control the vehicle, such as handling mode

changes (CHOMP), or for calculating values, suct. as total required engine

power (TREP). The subroutines use the converted values from the input/

conversion subroutines as well as any error or status flags deemed necessary.

3.1.4.1 Subroutine SHIFT

The subroutine SHIFT determines when a change in final drie gear

ratios is allowable and when allowable, performs the shifting sequence.

Called from: MAIN or CHOMP

Called when: Present Final Drive Gear Clutch does not equal

Desired Final Drive Gear Clutch

3.1.4.2 Subroutine CHOMP

The subroutine CHOMP (Change of Operation Mode) determines which

of four mode changes is desired, (Land to Transition, Transition to Sea, etc.)

and then calls the appropriate subroutine to accomplish that specific mode

change.

Called from: MAIN

Called when: o Timer delay is complete

o In the mode change process

o A mode change is requested

Sequence of Events

If PResent Mode Of OPeration (PRMOOP) is equal to LAND and

Present Desired Mode of Operation (PDMOOP) is equal to TRNSTN

or SEA then Present Desired Mode of Operation must (PDMOOP)
equal TRNSTN.

Is the desired mode change from LAND to TRNSTN?

If ,he answer , Is "Yes," call subroutine LNDTRN (Land to

Transition).

If the answer is "no," is the desired mode change from TRNSTN to

LAND?

If the answer is "yes," call subroutine TRNLND (Transition to

Land).

If the answer is "no," is the desired mode change from SEA to

TRNSTN?
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If the answer is "yes," call subroutine SEATRN (Sea to Transi-

tion).

If the answer is "no," is the desired mode change from TRNSTN to

SEA?

If the answer is "yes" then call subroutine TRNSEA (Transition

to 3ea).

If the answer is "no," then Return.

It should be noted that if the subroutine LNDTRN is called, its

point of RETURN in the CHOMP subroutine is at the check for the Transition to

Land mode change. There is no risk of calling more than one subroutine each
pass through CHOMP because the mode determination, error checking, and default

setting has already been accomplished by the subroutine SEGMT. Also, there is

no risk of calling a different mode change subroutine the :econd, third, etc.,

time through CHOMP becaiw the Present Desired Mode of Operation (PDMOOP) is
not updateo until the mode charge is complete. (Remember that CHOMP bases the

decision on which mode charge subroutine to call on the Present Desired MWde

Sof Operation (PDMOOP).

3.1.4.3 Subroutiae LNDTRN

The subroutine (LaND to TRansitioN) manages to Land to Transi-
tion mode change.

Called from: CHOMP

Called when: Land to transition mode change requested

Sequence of Events

Is the vehicle is high gear? Yes, call SHIFT.

Is the vehicle going too fast to start the change to TRNSTN mode?
If the answer is "yes," set the error flag to output "MOOCNC

(Mode Of Operation Change No Complete) - excessive vehicle

speed" message, RETURN.

If the answer 's "no," check to see if the ramp is closed and

latched.

If the answer is "no" then Return.
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If the answer is "ye," then:

Shut off: Primary cooling fans

Secondary cooling fans

Waterjet by-pass valve

Turn on: Sea water pump

Aft electric bilge pdmp

Forward electric bilqe pump

Htydraulic bilge pump

Waterjet no by-pass valve

Has the 5-second time delay necesary for the fans to slow down

before grill closure, been executed?

If the answer is "no," set the Time Delay (TDELAY) value for the

main loop to use, and RETURN.

If the answer It "yes," close both the' primary and secondary

grills.

Check the Land to Sea Transition (LSTRNS) flag (set by the

subroutine SESEA) to see if the grills are closed and the

seawater dnd bilge pumps arc on, and the rmnp is closed and

latched.

If LSTRNS is .FALSE., the vehicle is not properly configured for

the mode change. RETURN.

If LNTRNS is .1RUE. then proceed to finalize the mode change.

Turn on the Mode of Operation Change Complete (MOOPCC) light

(.TRUE.).

Set Present Mode of Opration (PMOOP) equal to Present Desired

Mode of Operation (PDMOOP).

Zero the Time DELAY (TDELAY).

RETURN.

3.1.4.4 Subroutine TRNLND

The subroutine TRNLND (TRansitioN to LaND) manages the Transi-,

tion to Land mode change.

Called from: CHOMP

Called when: Transition to land mode change requested
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Sequence of Events

Has the 3-second time delay necessary for the grills to -pen

before starting the fans, been executed?

If the answer is "no," set the Time DELAY (TDELAY) value for the

main loop to use, open the grills, and RETURN.

If the answer is "yes:"

Turn on: Primary cooling fan

WaterJet by-pass valve

Turn off: Seawater pump

Electric bilge pumps

Hydraulic bilge pump

Waterjet no by-pass valve

Check the Sea to Land Transition Flag (SLTRNS) (set by the

subreutine SESEA) to see if the grills are open and the

seawater and bilge pumps are off.

If SLTRNS is .FALSE., the vehicle is not properly configured for

Sthe mode change. RETURN.

If SLTRNS is .TRUE. then proceed to finalize the mode change.

Turn on the Mode of Operation Change Complete (MOOPCC) light.

(.TRUE,)

Sct Present Mode of Operation (PRMOOP) equal to Prescnt Desired

Mode of Operation (PDMOOP).

Zero the Time DELAY (TOELAY).

RETURN.

3.1.4.5 Subroutine TRNSEA

The subroutine TRNSEA (TRansitioN to SEA) manages the Transition

to Sea mode change.

Called from: CHOiMP

Called when: Transition to sea mode requested

(
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Sequence of Events

Disengage high clutch.

Disengage low clutch.

Turn on: Motor by-pass valve.

Turn off: Motor no by-pass valve.

Has the 5-second delay necessary for the tracks to stop moving,
been executed?

If the answer is "no," set the Time DELAY value for the main
loop to use, and RETURN.

If the answer is "yes," raise the suspension and finalize the

mode change.

Turn on Mode Of Operation Change Complete light (HOOPCC)(.TRUE.).

Set PResent Mode Of Operation (PRMOOP) equal to Present Desird

Mode Of Operation (PDMOOP).

Zero the Time DELAY (TOELAY),

RETURN

3.1.4.6 Subroutine SEATRW

The subroutine SEATRN (SEA to TRansitioN) manages the Sea to

Transition mode change.

C 'ed from: CHOMP

Cafled when: Sea to transition mode change requested

Sequence of Events

lower the suspension.

Has the 30-second delay necessary when lowering the suspension,

been executed?

If the answer is "no," set the Time DELAY (TDELAY) value for the

MAIN loop to use, and RETURN.

If the answer is "yes:"

Engage low clutch

Disengage high clutch.

Turn on: Ritor no by-,pass valve

Turn off: Motor by-pass valve
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(
Turn on Mode of Operation Change Complete light (MOOPCC)

(.TRUE.).

Set PResent Mode Of OPeration (PRMOOP) equal to Present Desired

Mode Of Operation (PDMOOP).

Zero the Time DELAY (TDELAY).

RETURN

3.1.4.7 Subroutine DEMOS

The subroutine DEMOS (DEsired MOtor Speed) calculates desired

port and starboard motor speeds from the accelerator pedal, brake pedal, and

joystick signals.

Called from: MAIN

Called when: Each time through the loop

Sequence of Events

In landborne mode calculate port and starboard desired motor

Cn speeds based on turn direction.

1n transitlon mode calculate port and starboard waterjet speeds

based on turn direction.

In seaborne mode desired waterjet speed is the same as desired

high waterjet speed (steering accomplished by buckets).

3.1.4•8 Subroutine TREP

The subroutine TREP (Total Required Engine Power) calculates the

amount of power required by the transmissions. This is accomplished by having

TREP determine if the vehicle is in the landborne mode or one of the other two

modes calling either LDTREP or TSTREP.

Called from: MAIN

Called when: Vehicle is in drive or reve,'se

Sequence of Events

Is the vehicle in the landborne mode? Yes, Call LDTREP.

Is the vehicl ont In the landborne mode? Yes, Call TSTREP.
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3.1.4.9 Subroutine LOTREP

The subroutine LOTREP (LanD TREP) calculates total required

engine power when the vehicle is in landborne mode.

Called from: TREP

Called when: Vehicle is in landborne mode

Sequence of Events

Detennine if the port pump or if the port motor is at maximum

dlspl acement.

Calculate port torque.

Calculate port horsepower.

Repeat the sequence for the starboard pump and motor.

3.1.4.10 Subroutine ISTREP

The subroutine TSTREP (Transition Sea TREP) calculates total

required engine power when the vehicle is in either transition or seaborne

modes.

Called from: TREP

Called when: Vehicle is in transition or scaborne modes.

Sequence of Events

Calculate port flow rate.

Calculate port waterjet power.

Calculate required power for the port transmission.

Repeat the sequence for the starboard transmission.

3.1.4.11 Subroutine ECAN

The subroutine ECAN (Engine Control and ANalysis) determines

governor settings and controls the cooling system fans.

Called from: MAIN

Called when: Each time through the loop
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3.1.4.12 Subroutine ANTSTL

The subroutine ANTSTL (ANTi STalL) insures that the hydrostatic

drivetrain does not try to extract more engine power than the engine can

produce at that moment.

Called from: MAIN

Called when: Vehicle is in drive or reverse

Sequence of Events

Calculate port and starboard pump power.

If in landborne mode: Calculate maximum motor speed;

Compare maximum with desired;

Turn direction and turn ratio then

determines allowable port and starboard

motor speeds

If in transition mode: Calculate maximum waterjet speed:

Compare maximum with desired;

( Turn direction and turn ratio th'•n deter-

mines allowable port and starboard

waterjet speeds

If in seaborne mode: Calculate maximum waterjet speed;

Compare maximum with desired;

Allowable port and starboard waterjet are

the same (bucket steering)

3.1.5 Output Subroutines

These subroutines apply the control signals to the individual

control elements as well as communicate the error messages to the Terra

computer. The output signals consist of Pulse Width modulated signals and

discreet on/off signals. The communication of the error messages is handled

via transiiiission of four 16-bit words to the Terra via RS 232 communication.

The error words are updat .: and stored in common.
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3.1.5.1 Subroutine ERROUT

The subroutine ERROUT (ERRor OUTput) combines the individual

error flags into four sixteen-bit digital words. In addition, ERROUT deter-

mines if that particular error is proper "or the present mode of operation.

Called from: MAIN

Called when: Each time through the loop

Sequence of Events

Is the error flag .TRUE.? Yes, put a one in the appropriate bit

posi tion.

Suppress errors generated in SESEA subroutine until deemed

appropriate.

If between land and transition modes and the vehicle is going

too fast, generate that error.

3.1.5.2 Subroutine PWMOUI

This subroutine converts che desired transmission, engine, and

clutch valve voltages into appropriate integer values which are then placed in

Common to be transmitted to the PWM output cards.

Called from: MAIN

Called when: Each time through loop

Sequence of Events

Desired voltage values are converted to integer value duty cycle

equivalent values and placed in appropriate Cownwon block

locations for edch control device.

3.2 ATR Variable and Error Message Listing
TherAT 'FIX varib.le listinng and error message listing is provided

in Table 3.2-1.

3.2.1 Variable Listing

The variable listing provides the formal variable name that is

used it- the software and a descriptive title associated with each variable

name. This is pretented as Table 3.2-1.
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3.2.2 Error Message Listing

Table 3.2-2 presents the listing of the error messages which

have been used for the ATR vehicle. This listing relates the word number and

bit number associated with each error message. Also presented in this table

is an error number assigned to each error and the actual error message that is

presented on the Terra computer. Lastly, this table presents the name of the

subroutine which detects the error and the program variable name that is used

to convey the status of the error.

(3
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Table 3.2-1 ATR Program Variable Listing

AEBPSF Error Flag

AENSF Error Flag

AENSP Actual Engine Speed

ALPMSP Allowable Port Motor Speed

ALPWSP Allowable Port WaterJet Speed

ALSMSP Allowable Starboard Motor Speed

ALSWSP Allowable Starboard Wateret Speed

APBCAW Actual Port Bucket Angle

APBCSF Error Flag

EPMSF Error Flag

APMSP Actual Port Motor Speed

APPS Actual Port Pump Speed

APSSF Error Flag

APWSF Error Flag

ASBCAN Actual Starboard Bucket Angle

ASBCSF Error Flag

ASMSF Error Flag

ASMSP Actual Starboard Motor Speed

ASPS Actual Starboard Pump Speed

ASSSF Error Fl ag

ASWSF Error Flag

BIT Bit pointer for TBIT function call

BITI Bit pointer for TBI1 function call

BITIO Bit pointer for TBIT function call

BIT11 Bit pointer for TBIT -function call

BIT12 Bit pointer for TBIT function call

BIT13 Bit pointer for TBIT function call
fli•TTA f.4 u,• $.• for Tr T $.,, 4-i,^.•, •"1!

BIT1i Bit pointer for TBIT function call

BIT16 Bit pointer for TBIT function call

BIT17 Bit pointer for TBIT function call

BITiB Bit pointer for TBIT function call
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Table 3.2-1 ATR Program Variable Listing (Continued)

BIT19 Bit pointer for TBIT function call

BIT2 Bit pointer for TBIT function call

BIT20 Bit pointer for TBIT function call

BIT21 Bit pointer for TBIT function call

BIT22 Bit pointer for TBIT function call

BIT23 Bit pointer for TBIT function call

BIT24 Bit pointer for TBIT function call

BIT25 Bit pointer for TBlT function call

BIT26 Bit pointer for TBIT function call

BIT27 Bit pointer for TBIT function call

BIT28 Bit pointer for TBIT function call

BIT29 Bit pointer for TBIT function call

BIT3 Bit pointer for TBIT function call

BIT30 Bit pointer for TBIT function call

BIT31 Bit pointer for TBIT function call

BIT32 Bit pointer for TBIT function call

BIT33 Bit pointer for TBIT function call

BIT34 Bit pointer for TBIT function call

BIT35 Bit pointer for TBIT function call

BIT36 Bit pointer for TBIT function call

BIT37 Bit pointer for IBIT function call

BIT38 Bit pointer for TBIT function call

BIT39 Bit pointer for TBIT function call

BIT4 Bit pointer for TBIT function call

BIT40 Bit pointer for TBIT function call

BIT41 Bit pointer for TBIT function call

BIT42 Bit pointer for TBIT function call

BIT43 Bit pointer for TBIT function call

BIT44 Bit pointer for TBIT functiun call

BIT45 Bit pointer for TBIT function call

BIT46 Bit pointer for TBIT function call

BTT47 Bit pointer for TBIT function call
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Table 3.2-1 ATR Program Variable Listing (Continued)

BIT48 Bit pointer for TBIT function call

BIT49 Bit pointer for TBIT function call

BIT5 Bit pointer for TBIT function call

BIT6 Bit pointer for TBIT function call

BIT7 Bit pointer for TBIT function call

BIT8 Bit pointer for TBIT function call

BIT9 Bit pointer for TBIT function call

BLGOFF Bit pattern for Bilge Pumps Off

BLGPON Bit pattern for Bilge Pumps On

CKPLST Check Pump Land/Sea Transition

CKPSLT Check Pump Sea/Land Transition

CKPUMP Check Pump

CKRAMP Check Ramp

CKRLST Check Ramp Land/Sea Transition

CKRSLI Check Ramp Sea/Land Transition 1

CKRSL2 Check Ramp Sea/Land Transition 2 (
DES J7 P3 Desired Engine Speed

DHCVV J7 P1 Desired High Clutch Valve Voltage

DHMHSF Error Flag

DHMLSF Error Flag

DHMRSF Error Fl ag

DHMSP Desired High Motor Speed

SHMSR Desired High Motor Speed Ratio

DHWSP Desired High Waterjet Speed

DHWSR Desired High Waterjet Speed Ratio

DIGIN Digital Input (3-element array)

DIGOUT J7 P2 Digital Output (7-element array)

DLCVV Desired Low Clutch Valve Voltage

DMOOP Desired Mole of Operation

DPFRT Desired Port Flow Rate

DPMP Desired Port Motor Power

DPMSP Desired Port Motor Speed
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Table 3.2-1 ATR Program Variable Listing (Continued)

DPPP Desired Port Pump Power

DPPWJ Desired Power Port Waterjet

DPSWJ Desired Power Starboard Wateriet

DPWSP Desired Port Waterjet Speed

DRIVE Drive

DSFRT Desired Starboard Flow Rate

DSMP Desired Starboard Motor Power

DSMSP Desired Starboard Motor Speed

DSPP Desired Starboard Pump Power

DSWSP Desired Starboard Waterjet Speed

DTRNR Desired Turn Ratio

DTRNSF Error Flag

DTRS7 Desired Transmission Setting

ENCTEM Engine Coolant Temperature

ENCTSF Error Flag

END

ERRDLY Error Delay

FDR Final Drive Ratio

FEBPSF Error Flag

FIRESF Error Flag

GCTD Grill Close Time Delay

GOTD Grill Open Time Delay

GRCLSE Bit pattern for Grill Closure

GROPEN Bit pattern for Grill Open

GSSF Error Flag

HBPVSF Error Fl ag

HCSVSF Error Flag

HEOTSF Error Fl ag

HIGH High Gear

HVSVSF Error Flag

IAENSP J12 P18 Input Actual Engine Speed

IAPBCN J13 P4 Input Actual Port Bucket Angle
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Table 3.2-1 ATR Program Variable Listing (Continued)

IAPMSP Ji1 P16 Input Actual Port Motor Speed

IAPSSP JUl P18 Input Actual Port Sprocket Speed

IAPWSP J12 P16 Input Actual Port Waterjet Speed

IASBCN J13 P5 Input Actual Starboard Bucket Angle

IASMSP J1l P17 Input Actial Starboard Motor Speed

IASSSP J11 P19 Input Actual Starboard Sprocket Speed

IASWSP J12 P17 Input Actual Starboard Waterjet Speed

IDHMSP J13 P1 Input Desired High Motor Speed

IDHMSR J13 P2 Input Desired High Motor Speed Ratio

IDTRNR J13 P3 Input Desired Turn Radius

IENCTM J14 P7 Input Engine Coolant Temperature

INTCPT Intercept

IPAMPR J1.4 P3 Input Port Aft Motor Pressure

IPFVPR J14 P1 Input Port Forward Motor Pressure

IPHOTM J14 P5 Input Port Hydraulic Oil Temperature

ISAMPR J14 P4 Input Starboard Aft Motor Pressure

ISFMPR J14 P2 Ioput Starboard Forward Motor Pressure

ISHOTM J14 P6 Input Starboard Hydraulic Oil Temperature

lJCAR1 Parallel I/O card pointers for SBIT function calls

JCAR11 Parallel I/O card pointers for SBIT function calls

JCAR12 Parallel I/O card pointers for SBIT function calls

JCAR13 Parallel I/O card pointers for SBIT function calls

JCAR14 Parallel I/0 card pointers for SBIT function calls

JCAR15 Parallel I/O card pointers for SBIT function calls

JCAR16 Parallel I/O card pointers for SBIT function calls

JCAR1 Parallel i/0 card pointers for SBIT function calls

JCARDL Parallel I/O card pointers for SBIT function calls

JCARD2 Parallel I/O card pointers for SBIT function calls

JCARD3 Parallel I/0 card pointers for SBIT function calls

JCARD4 Parallel I/O card pointers for SBIT function calls

JCARD5 Parallel I/0 card pointers for SBIT function calls

JCARD6 Parallel I/0 card pointers for SBIT function calls
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Table 3.2-1 ATR Program Variable Listing (Continued)

JCARD7 Parallel I/O card pointers for SBIT function calls

JCARD8 Parallel 1/0 card pointers for SBIT function calls

LAND Landborne

LBCLSF Error Flag

LBRPSF Error Fl ag

LBSPSF Error Flag

LCSVSF Error Fl ag

LEOPSF Error Flag

LOW Low Gear

LPCPSF Error Flag

LPHLSF Error Flag

LSCPSF Error Fl ag

LSHLSF Error Flag

LSPPSF Error Flag

LSTRNS Land/Sea Transition Flag

LVSVSF Error Flag

MASK 16-element array that is used to build masks for TBIT, SBIT, and

ERROUT

MAXMSP Maximuin Motor Speed

MAXWSP Maximum Waterjet Speed

MBPON Motor Bypass On
MLTSSF Error Flag

MNBPON Motor No Bypass On

MOOPCC Mode of Operation Change Complete

MSSF Error Flag

NAME Name of variable that SBiTS operates on

NTRAL Neutrla

PISCSF Error Flag

P2SCSF Error Flag

P3SCSF Error Fl dg

P4SCSF Error Flag

P5SCSF Error Flag
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Table 3.2-1 ATR Program Variable Listing (Continued)

PAMHSF Error Fl ag

PAMLSF Error Fl ag

PAMTPR Port Aft Motor Pressure

PARK Park

PATVV J8 P3 Port Aft Transmission Valve Voltage

PCFWBP Primary Cooling Fan, Waterjet Bypass

PCFWNP Primary Cooling Fan, Waterjet No Bypass

PDIFP Port Differential Pressure

PDMOOP Present Desired Mode of Operation

PFMHSF Error Flag

PFMLSF Error ;l ag

PFMTPR Port Forward Motor Pressure

PFTVV J8 P1 Port Forward Transmission Valve Voltage

PGCSSF Error Flag

PHOTEM Port Hydraulic Oil Temperature

PHOTSF Error- Flag

PMDFP Port Motor Differential Pressure

PMDIS Port Motor Displacement

PMTRQ Port Motor Torque

PPDFP Port Pump Differential Pressure

PPOIS Port Pump Displacement

PPMEFF Port Pump Mechanical Efficiency

PPTRQ Port Pump Torque

PRMOOP Present Mode of Operation

PTREFF Port Transmission Efficiency

RCLSSF Error Flag

REPP

REPPP

REPPT

REPSP

REPST

(REPT
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Table 3.2-1 ATR Programn Variable Listing (Continued)

RES J9 P1 Real Engine Speed

RESULT Test variable for TBIT function

REVRSE Reverse

RMASK Mask word for SBITS function

RPMS J9 P4

RPSS J9 PIO

RPMS J9 P5

RSSS J9 P11

SISCSF Error Flag

S2SCSF Error Flag

S3SCSF Error Flag

S4SCSF Error Flag

S5SCSF Error Flag

SAMHSF Error Flag

SSAMLSF Error Fl ag

SAMTPR

SATVV J8 P4 Starboard Aft Transmission Valve Voltage

SDIFP Starboard Differential Pressure

SEA Seaborne

SECFOF Secondary Fan Off

SEWPSF Error Flag

SFMHSF Error Flag

SFMLSF Error Flag

SFMTPR

SFTVV J8 P2 Starboard Forward Ti nsmission Valve Voltage

SHOTEM Starbo3ard Hydraulic 3i! Temperature

SHOTSF Error Flig

SLOWER Suspension Lower bit pattern

SLTRNS Sea/Land Transition Flag

SMDFP Starboard Motor Differential Pressure

SMDIS Starboard Motor Displacement

SMTRQ Starboard Motor Torque

S 28
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Table 3.2-1 ATR Program Variable Listing (Continued)

SPDFP Starboard Pump Differential Pressure

SPDIS Starboard Pump Displacement

SPMEFF Starboard Pump Mechanical Efficiency

SPTRQ Starboard Pump Torque

STAR1O Starting bit pointer for SBIT function

STAR11 Starting bit pointer for SBIT function

STAR12 Starting bit pointer for SBIT function

STAR13 Starting bit pointer for SBIT function

STAR14 Starting bit pointer for SBIT function

STAR15 Starting bit pointer for SBIT function

STAR16 Starting bit pointer for SBIT function

STAR9 Starting bit pointer for SBIT function

START Starting bit pointer for SBIT function

START1 Starting bit pointer for SBIT function

SSTART2 Scarting bit pointer for SBIT function

START3 Starting bit pointer for SBIT function

START4 Starting bit pointer for SBIT function

START5 Starti,•g bit pointer for SBIT function

START6 Starting bit pointer for SBIT function

START7 Starting bit pointer for SBIr function

START8 Starting bit pointer for SBIT function

STREFF Starboard Transmission Efficiency

SUDOWN

SURISE Bit pattern to raise suspension

TBIT Function name

TDELAY Time Delay

TESTI Temporary variable for SENGER

TEST2 Temporary variable for SENGER

TEST3 Temporary variable for SENGER

TIMER Main loop time delay counter

TRKSTP Time delay for Truck Stop

TRNDIR Turn Direction
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Table 3.2-1 ATR Program Variable Listing (Continued)

TRNSTN Transition

TSSF Error Flag

WIDTIO Field width pointers for SBIT function

WIDT11 Field width pointers for SBIT function

WIDT12 Field width pointers for SBIT function

WIDT13 Field width pointers for SBIT function

WIDT14 Field width pointers for SBIT function

WIDT15 Field width pointers for SBIT function

WIDT16 Field width pointers for SBIT function

WIDT9 Field width pointers for SBIT function

WIDTH Field width pointers for SBIT function

WIDTH1 Field width pointers fcr SBIT function

WIDTH2 Field width pointers for SBIT function

WIDTH3 Field width pointers for SBIT function

S WIDTH4 Field width pointers for SBIT function

WIDTH5 Field width pointers for SBIT function

WIDTH6 Field width pointers for SBIT f xtion

WIDTH7 Field width pointers for SBIT function

WIDTH8 Field width pointers for SBIT function

WJCNST Waterjet Constant

3

3.30



-J 0. CA -A - >- I- .-Z .e-. a- ~-J J% Q.. 0--1CL . S.- V)X - -

LW WU LU CD C-.) M Mm U.M LA 2tCD O% LL Q. CL. (A '(A V) 91

to

(V

ýA WV) 4L LL LLULJC L L L I LU Jtf
4D LUC DC mIA1Z DL DC )LiC -%C DC - DU D( cm C) (.D CD CD

S. LU LA =U = ( LA L(WWA jLJ J; lU1LJLA L A UW LU LA. =~ = U =7-w

U).U.. ~ LU I-xL LU-OOA L

cxL U1 ( . LLJ =-L~ 4 '-4

mU~L Ocr iAUL = LUJ.. _jU~J C.)~. U

ofw e 4) )L LU) w( t ar -av- LU

U) E) j-E =-Z-3 0-.1. Ef.1 Z LU L J0 -. -
.j =d wJ0 I--.. LuO w. ,Q)U0 (A .w CC w 0 q!

V4_ - 1) r C. . t C = w 91 -- ix-.cU . (Az 3K U.- -- E m
00C LU 0. " : C C -2: (D U LU tA =.0LU.1 4LAULUý4Q U
u-. -CC (A (A LU Z wU 2ý (A -CC- -. (A L" tJ 'A5- u. =.J a- C D-i = -. L

o) 4) 14 C6 Zý--i-- I-- M>.0 ý-L U - L . ( , am U1-1:DX C .
CL = C LU L) = 0. -U.1.J U-.1 U-j tV = j- fl = .- ) F-- < O ) V) LU

m CC C" ~ ".1 WL-4 ..J (U CD uj C L- ) 0a. - j n- LU , -. 1~ V) 0. - J LL. 0. 7Z LU 2!..
0 A - -- W>-ý 00 ::I-I1-~I0 4L C- J ULUU CU) (ULIJ ý j - = --. W

~~~..(A #A =-ja ) C A = LU C() Q. 10-X >- CA93 C WU(A.U.31=-XwCR L5
a). (U -U LU U - - -w C)M V 4 f)ý

X X.IXLU J1 - C -LJ= i L 1 a. w. Z LU w- C- X- 5-
GD C)t A - - -(-C U> 1-0 . C

o j -1 C uj-. Lý U..1mC)-j aU-F <t - >- LD-CC < LA. - w : a i
W- = ý - -t r.D L&J- oC) 2- C k - -p0 -1cý .wL

Q 31-0 n-1I & "C -3- JLJW M U OMC U ý
LU 3: J=C - ýZ1 -"I- > rW- J C1

.-. 1 -. ij -W X -4)t ;

w U1 :4 u m_ _ u



LA- - .La- L6. U.. U. LA. -. U. U.. LA- U. U. LL.. LU-s-- LA-L. U.. LA- &a.-. LA- -L.
Qdi L-L. AV /fC4 Lon 4 LL.C4 V) 4n / V) 4n ) V) U.L-i nt )V L nV A e

- i (n V.J L)) 4..j (->Cl( PLe jC ) W

-n V) O"~ 4 .,' -, 3ZL k nV) ('n
Q.C 4E rMC.W J-c( L A )Ln- d OL -

m C-C0 I n 6CLa -w% n L )LnV n, A-CV -

A.. W=WWWJ.LIL. JLJLS WW2L= = M WWLaJU LaJUAJLUCXg

+3 LU (
a at atJ LU

ULU -j:D

41mc W WLAJ LJ J Lja-4 & w.j
..j U.S UJ C.D oc LL- z 3: = wo mc Of -ccaat t Ct~L:

-j atc =t -j 0j '. 0L 4
4-) LA- L .j - -.j LLUa Cl- 4 - . 0- "

(0ww w aLeJUnLL,-. V Lf) F- V 4) Ln U-= C<. -C = -C
m a lýw 4 =zZ L U- - UJ - LA-:1 LL.Cj ix

CD - LL ZD =j L- Wer - u(-) 1-0
_~j1- -J-.J.J... -j C)t o: a ="t E

w ( c om C~~4 I L Cm u I-.-4- F- Ne 0-C) ) I ooooD=. :31
a)0 q V) U cq C t= L 1- C..) Le- - tLn Li
fa m 2 4U-L-L.LL A Zc cU w LL Li J LLU CD n V) Ln ) RD 2:
4A ýn o-,.a at L)t Cp -j Ce 0 XC 'ý L

I--:k CLo. O 0O.. C )C)C 3 ) V C I / D C in, CL/ M-l a -. F- I

O O0 U a ) ) ) )C.D ax w w0 w w W000000== 3= 0 Cn LJC-1
L- I L -*=M2C Of-a I-- W-a at V)a &n at t tn G V - -C >

- ~ M WO o O ~ a L3 I- w- L-1- CIII---I- - LjI"aCLU
CDC -' rU LAC n A 3 ClG LnC mcc nU

C3I-=F-n c: ww t x rIx====o DL

CD- CD~U C) ClC~U C)COýCD4

3.3



4.0 TERRA COMPUTER DESCRIPTION

The purpoe of the Terra computer is to display error messages

that are generated by the SC-i. At present, four 16-bit wards transfer 60

error messages from the SC-I via the RS-232 cormnunications port. It is the

responsibility of the Terra computer to decode and display and new error

messages that have arrived over the conmmunication link. Table 4.0-1 provides

a listing of all the error messages for the ATR.

The Terra computer maintains three display screens. They are:

the alarm screen, the error log screen, and monitor the screen. The alarm and

error log creens are divided into two parts: the top part which displays alarm

or log information, and the bottom part which displays communication requests

fro the Miltope recorder and allows for the entering of pre-and post-test

annotation. The monitor screen is activated by keyboard command.

When error messages are interpreted by the Terra the following

sequence of events will occur as shown in Figure 4.n-1.

o A new error will cause the warning light to come on and the

warning tone to be activated, and the error message to be

displayed in the upper left corner of the screen. All error

messages that arrive have an asterisk placed in front of

their text until they are acknowledged by the operator by

either turning off the warning tone or light. When the

errors are acknowledged, a blank space replaces the

asterisk. It is possible for an error to become inactive

before the operator can acknowledge the error, in that case

the error is deemed to be interittent, and a question mark

replaces the asterisk.

o Once an error is acknowledged by turning off either the
ligh ir the toie, a,,d t,, LI ,v, u I L.ia e ro,,cois inactive, t,,e

blank space is replaced by a minus sign.

o If that error again becomes active the minus sign is
replaced by a plus sign.

- If th, error once again becomes inactive the plus sign

is replaced with the question mark which means that the

error is judged to be unreliable or intermittent.
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- At any point it is possible to rearm (reset) any indivi-
dual alarm by use of the REARM key (with the cursor

pointed to the desired error) or the rearm all alarms by

use of the RESET key.

- Any time any alarm (including intermittents) goes from

inactive to active the log count for that error
increases by one.

The log screens have five function keys associated with them.

They are:

CLEAR - Clears all counters to zero.

STORE - Saves the current error log into the stored error

log (overwrites it).

ADD - Adds current to stored.

RECALL - Makes the stored error log the current one (over-

writes the current error log).

SWITCH - Displays the log screen that is presently not

displayed (does not affect either the current or

stored error log).

To clarify, there are two screens available for viewing while

the vehicle is functioning. They are the alarm screen and the log screen. It

is possible to toggle the log screen between the current error display and the

stored error display by means of the SWITCH function key. The SWITCH function

key does not affect the values in either current or stored error logs.

4.3
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5.0 MILTOPE RECOMWER DESCRIPTION

The Miltope recorder used in the ATR vehicle has been recon-

figured to provide a parallel communications interfac format with the SC-1

computer. This format has been installed to speed the communications process

so that variables can be recorded at .01 second intervals.

Recording operations are initiated by loading a tape into the

recorder, turning the recor'"r power on and simultaneously depressing the

CONTROL key and the "R" key. This indicates that a data recording operation

is desired and the tape will be rewound and the recorder head will be

positioned to the number one track. No previously recorded data can be saved

if a used tape is put into the recorder.

The Terra computer then responds by asking for the current date

and time. Upon responding, the Terra will ask if any pre-test annotation is

desired. If Y is depressed, the Terra will respond by asking what pre-test

annotation is desired. If any other key is depressed no pre-test annotation

will be possible. If the maximum number of lines of pre-test annotation (24

lines) are entered, or the return key is depressed twice an end to the pre-

test annotation will be encountered. The Terra will then respond with the

following statement: "To begin data recording activity, hit CONTROL S."

Once the data recording operation is underway, it can be

terminated by one of two ways; either CONTROL T can be activated or the tape

can come to the end of its track. If the recording of data is terminated

befcre an end of track condition occurs, the Terra will ask if any post-test

annotation is desired. If Y is depressed, the Terra will ask what post

annotation is desired. Depressing any other key will indicate an end to the

data recording activity. If the maximum number of lines of post-test

annotation (24 lines) are entered, or the return key is depressed twice, an

end to the data recording activity is encountered, the tape recorder will

automatically rewind and switch to the next track, if possible. if the

maximum number of tracks have been recorded, the Terra will display the

following: "Tape full. Replace or depress CONTROL R to write over' existing

records."
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Up to four tracks of data can be recorded on each tape. Each
track should contain approximately 20 minutes of data recorded at a rate of 50

variables every .01 seconds.
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6.0 TRANSMISSION TEST RESULTS

To improve the performance of the transmissions in the ATR

vehicle, as compared to the performaice obtained in the previously developed

Hydrostatic Test Platform, SwRI performed a series of dynamometer tests with

Quinto Lubric 822-220 hydraulic fluid. This fluid has superior viscosity over

the MIL-H-83282 fire-resistant hydraulic fluid which was previously used.

The test results are presented in graphical form in Figures

6.0-1 through 6.0-10 which show the expected motor speed as a function of

control pressure. The predicted efficiency of the transmissions during actual

operation is shown in Figures 6.0-11 through 6.0-20. These test results

indicate a significant operating improvement of the transmissions using the

Quinto Lubric fluid as compared to the MIL-H fire-resistant hydraulic oil.

Test results regarding the use of this fluid were presented in a report

entitled "Design and Integration of Hydrostatic Transmission in a 300 HP

Marine Corps Amphibious Armored Personnel Carrier," prepared under Contract

N•. N00167-82-C-0156 for the David Taylor Naval Ship Research and Development

Center, dated March 1985.
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7.0 TRANSMISSION VALVE DEVELOPMENT

Southwest Research Intitute provided the design and fabrication

of a new transmission control valve for use in the ATR vehicle. This valve
development effort was undertaken because of operational problems encountered

while using the production valve supplied with the transmissions by the

manufacturer. The operational problems included an intermittent instability

and the inability to perform maintenance on the valve.

Figure 7.0-1 shows a cross section of the valve which was

supplied. This valve incorporated the double proportional valve wnich was

provided by the original manufacturer, but also incorporates a flip-flop valve

and a shuttle valve in the same overall design. Figure 7.0-2 shows the

relationship between pressure and control voltage that was obtained from this

valve.
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Appendix A

ATR Control Software Listing
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593-1 REO1L:4 APPS, ASPSAE140P PM5 f1S1 P1DFP
-60- 1 REALS 4 1rH7RI5, Dp~ltF IEFT FTREYF REPSTI

- t1 1-1 PALN4 APIISrISI13,ZILS.3rIFP
2EA'. tiT0 ~ 1 SRF 1 REV?-

Rt tEAt%4 DFRi DPW I P,£? SOPISiiF iwt

RALft PRI 1 rFPSS,;SSrP

65 R EAL'r4 rp5 iJ ±,U~rr-, eArr, n- r uc -M1---oW
ft-tllA-4-r-T- S. D. IELI -MAi D~F3r~pEPLIEiiAsI~
'.?*i. REAtr4 LWc L.FaAkFRXwJTirdltE
6-t9 1 -fmv Aps FtEAL'.4 K±Rr4K,RInwK71,R8,KPOr±

REAL'. l.-.;1j,MdU3tm r?,illu~iq17hSht C

1t REAtP4 l~i, I =, 1123. 1124, d125, 1126, 1127; H28
'eI REAL'.4 M29, 13 113 M 1 11M32,1133, M34

7f4 1 REAL*4 5D-ISM3( 4;1,rPAiiOIR (C;,) IFiRn( Mv ~lopi'R( 10)-ru-~u
75i 1 IdTeodeRw. hZ,ii3,h±CHii,1j12

1 I~N~TCOER'.4115 36fZi$u? I4
/7 i IiiiTEGERW-t ni4 r14 2, 11423-,H14, rIN43, 1146,n14t, Mr't,48- M49________

17.. t fM 101 ±1S I r'1'.a Kn ot'J r . rIMsK , r4mrmc
4 1 :Iwoi qSTFC SIT,pIT1 ,pI7 2,13173,0B1415-BIT:, 31 16.I51 ,bIT&,93I1 r

t ~ nu Col P1t !allC v - --1 1t 3,E11

-~~~~~~ ~~~~~ 2,- ccrncAsMr., I3,LT1,I3,1IQQ0I-5±O,11173&,L±T.i

- 4-I 9-ul'ilCON /i5Tli'IC/ '

- CC- IONil7iof /EITPI'IC- L-.'fIY'4 DE ullIUSON tCUV ,s ME=.U42-, M~'IMI I , bLL3NI'4, bLUIl I..

7COMMON-ui ;0puirm!'tC TMIJWTDIM WTDAD -, ,zJrwLJri~,-;, DTn 'tW-- T -TM -WTDTH C DI 0 11
I OPIPb0ui 1/iITr-iiC I W5 WID J ID 0.CW~ini1 1, W.Lui ±2,-Wii !3a ±owij I .+, i

I. IM,UI'lflUI / - 4 I F pa'. .J.- I itQR L .I, ~ rt .JL.41.5.KuM(LQ .J'PRDLIZ)jZPl-H t10 .L-4tIL'
u. 'UiinunI / S± ir-iqii JIAK'-. MyAKLfiV,QyMMKI I, JULMI124,UMN Z,ULHRRI'+.S.t1mI

CCOlIITON /DIT-Fr4>, DG11,BOVELi 1 C,4D1iG',G7D1CD1D2 E-"
--94=1 erlltr /IP-0/13021 tDOZS, DO334- 5825'IJZZ 'GlL ER.
- 9!5-t---- tM1 lOWN BITFNC/l D0&26, DOW2, v38 0.32P.13303

*-?W eSMO -ORtRjPSq , -, OSS , BKN kF, .LBSF7 r 2'$

ZC4JMCN /'ERRCIR; UP iSPit53*, R.3SF, P 43&SF, ra no-tCS

_________________________ - ~A



FORFTIRAN-864 COMPILER 13:25:00 311LLL.~
:FZrATR.FOR

102=1i COMMO3N /ERROR/ S1SCSF, S2SCSF1 S3SCSF. S4SCSF,S ~~CSF

L.UIKflUP DsmF wfVJIý/ om-m.SF- ut.~j Ikr.i , b-9, rL.-

toS ~r 1EKR SAMNSF.r t-i-InriF , IEME Ii~ ,rrn -, ptiui~- Isr-rM.- ..t- IlLSF

.' ~ i~ r~ u a i uM r [~ -C , M . - fL t- I S S F , K E 1t u I , , I 1 i

~ i..unuI I ruK~uRi' I-uLj'.A..flL -r~p

s .11 = 4i - u r K 7 EP EiNq , S' u , o f-~i i ? 1 ' 7 1 1 .. .. ., r ir I £ 1 1 I ., N I .., L I ' I I w

UOMMO~iN 7CI'JUUI/ LRNiI KMtP1Uur SEA, VqKUNI ~L , bJJI'5EILR IE .S ,L

1C1PCaTN1loq tJTTUI IL'EsLiY, 1 ms12,1 E 13 rll3PsrzYuur S

it/ml'UP COMMUJI HUKVMe KAr,5, kMUSgI ,HCK7UXL51

IZIMI..'JllU' COMMON L. 7C DRU7 lV1.NS~ilMKUG~Pm

12:3- 1. COMUPII /t LINUiI... I rn3I- U M. Gi1;5E.r GrU I U v'i~ U rV-N C-WFWGFFt'

=S* - -CMO 7tI001 .Uif~rX2rux3r4u AuL~ Ar 7 NJ Aur~ X'Sri I I-LrES-,ALf

COMO- .l PF-M~ii' Iiui F-R -KENCE, F-Hu E,S I Em

I S2M I -iMN/AU 3Mt v1%M51vUJM:vPVIUv UY7RXIU

If.3=£. I0 CI-1 VAL; 3 rw ,%lziSPINiC

rwlrt-Ft2r Jr. ' -JIf ,DIO3 V t tt7Lr;



* -ULI-JPiLtt-ý 13:.25:"00 11 DEC.85
'Fl2rATR. FOR

159 320 CONTINUE

mi-F6.

i 62 1Nf 1 L-. 'RtE.

i66 CALL SYNe2

1C ALL YC

~. 7 LCF CrrD T EGN~, T-S

- 7C: PENSr-r4OAT (6e(9AEt.Szr),134. 6
t74 IF(A 0).L.cQ3 T;-HEN

i76 ~ -eTrO 40

PaToes-Low
FRM88FLAND

4 fV1Cl!R-tRN-T

- 4ft THENr-C

i aci !FTSELAYM.e) .c " TEN

i~ITIr2R. Mo. TWELY 5 C3A= criO1'W

e--ftE WE REZemNthy 1NVotLV~Lb 1N A MO~DE .3HMNC30 7

- -7-

t12R MEN~I

i94 ~ i1~D ~ I~
V I-0TO6

2C11 EN1~1r

i NT f t- FASE

~ .~3A14



FORTRAN-:36 COMPILER 13:25:00 11 DEC.85
:F2: ATR. FOR

207 DIGiJIJT( 7)=NSUSMO

U YMICLJP.I.h W±ill I~UWh RNIUI z I&TC UFi fMAJOJ iI MI .Nl.U LUUIF

100 COJ .. UIILNUIE

21LA=L ~LF REl Im

CA-

.. Q EFC. KS1uLJ EW.~ N~L 3IK.Ll- FIE

±ZrIZrEJLM'LI.r. IP4LNiA1J r11

SHU-0W CCIFI

4 CN I kF~JIJILt

232JC 3
ENDIP ~ J V SP T, AINF)OC___ ___ ___ ___tot)__

CALL -1 IME DLA

____ A5_ _ - _ -



FORTRA~N-36 COMPILER 13."*165OO 11 DEC.35

245 END IF

18 A MOD1E Ci-ANOE 5E~alREt

247 rD B~rianOp
243 131333-.FAL~sE.

249 efLL c;IOrl

e DID CI-83rP 3L ~F

252 Ir(SFTErNr) 6OT8 See

2.59f Ff EifR~ ~Dr3. EQ. BiRVE) . R. BTRST. EI. REVR.E~) ~i2Lt DEMOS.E

e -IN DR~IVE OR RELVERSE CALL M1OTREP

25 4 iFruDTRcT.Q.IJRIVE).OR. (D1ý'F.ER.R~v~i VR-EH ALfL 11TREP

I-.

258 ~ L e~tpwI1UT
eAL:L ERROUT

e. .: LL MLTOPE
2 61 0 eLLtZYN&.2

265 WEN~rqiIpri~

26t IP.T400 1-4.1HE

2d.7LJU..U

274 PAT~VYIii

-2-79 -- GOUTQ 13 -

2c-!e 58a eaiu
DIQCU ~J)-NORiA-6



FORTRAN-86 COMPILER 13:2,5: 00 11 DIEC. 85
:F2;ATR.FOR

231I I=0

Soo0 CONT Maie
2 ____N_

7 .

" 1_2~



FORTRAN-86 COMP ILER GENERATED CODE

.F:2.ATR. FOR

001A FA CLI

'B2 2EOEE16t66 i-ft 8:5 DC3: tfTAee*PRAMZ

0C'2A 98 PuCIk i 9
002B 53) pus~i i 9)

STATEMlENT ~151
9AGOOGO00O9000 AL ~

oe 4 ruo6 ES

.- 9947 2'AQGG000O0 SAL T-ART

STAITEMENT 40 t54-
004G 2EBE969200 mey Es eCzeCON3Tioi

eas Z4C79662 020000 flew E-9 i +21i;.el

60**5F-- 2ESEe~e2ee 113v CO Ce * e.CNST IZ
-f)e6--26eBe666ae2--- tie AXES.

~~Mo I-ILJ A I OH1
PUS 1 [V AN -t-

0 2 PS DX2

0031B 51 0.opa AX -2

OG7Z. I A r.4M afeef

e882 BIE2 SAL 99X,1
0004 DiE2 SAL- BXII.

b -,E 26e74:f!5000 flOV
e698 26&74739C,.2. t1Q, ES A10UT EX-2H3.1 viH

0099 2ESE060200 C. ecul ,7 I"n

7SF- Jivilb "0000010

i TATEM1ENT 517 - ___

-OF o0-r EC060290 M91.1 ESIG cC'9P Tco ýRlz

2 .- "%'%)02

e ., e 2689i66282 ES f21

___ ___ _- ___ ___ __ __ ~8 __ __ __



FORTRAN-i36 COMPILER GENERATED CODE
:F2:i -AR. FOR

OOD1 BBOFOO MCV EIX20FH

OOE 58rul- MAX

uuul- 5A -Fur ; 1

00to) ZE03. %JLL VZ

00. E93A00 JMPvm@0000

00tyK aX I -- HO CA

ocJ1c ----,MrJclyue L.mL.L i O

OOFO .5 1 FUM L

00F C 203=06040 MIJ 101V E .; 3 v

0109-2ESE060200 --- Mv E CS -.3 'ICONS I +2H.r

011P 2'-7 2VXiV piicy

0J.L LI2VVS 26170620200 t.Ofl EsaII.e, ON

b i 447 2ffc :500 1 lovl Ifs C. w'..urco I

-t50~ 2=IU 706=- -- PQV E5 NI IA AL+F, *IrOR

-ft 51 e*Vye-V -0- riv ES. I CS- WC 014S I,

,LYATEMENT 9 5
01 .9AM000O0 CALL S Y MC.

-Y 'a'- ALt

3IIo1LIWt

f~lt, 26±0;- .. 1a1W~2O Ai' X To, -.o delI'IO I

~. i.:~ 2~s~~i~i ~. J~i-A.2 _ __ _ _ _ _ _ _ _ _



FORTR. ,N -St4 COMPILER GENERATED CODE
:F2-:ATR. FOR

(18E 2-:68B16A201 PlOY OX1 ES: JCARDS4-2H

0196 293t63 &iL MMi

O1A' 89lEiO~l IC0 DX.WDTII

eiBC 06 PUSH ruSe 5

0109 9A33333oop CALL AiGERINT

0102 2COCOLOOOO tiDY E1 -ElftW-fOtrX
a130 26e9236A333e MOV ES: CP4NON~r-p2 X

STATMN ,7
a C.Ber-k~ft* . LEA -XEONN

0101 2EOC8tC330 MeM E9, CS. &NST
0104 06 ru~ic ES. 1

0100 001C3003 LEA O~BT

33 PUSH; 74

--t-ED 2tt:9042Sc, Nov EL.LRcp~sp~,Ax
eif-e- 201 23 11CM ES. tLaPC s0-"2HI 5.X

STATE.FENT # 171

E!tFE,---2E-eEebeeee---- MaM -1S. CS. CO
620 0.6 PLUSH; E

0202 8B1243CC LEA Dx 1DITd.
3266 2E8Ee602OO i ttv ES,Ce3.&NT2r2H

-ftt ------4e eee------weCvte-7 IT
-. 32U ~ ~ ~ ~ ~ 1: ZLEJV'I -- tO S -CQNST wSu,

-6E2t? 266934.ZCOO moY ES. LSPS, Mx
-trl~c ivr6ca elIJ tY% V~-r'! tM , ISAO

S oI IElN I V Il.

0=O24 21!WeB06gI0Ci i-i'v AA ES-. lcs L.t'flqL3
00 MOV NM ZDICOUT' E1AII 7DX*-eesB 24O9tI16A . 11DM rX ryS' ENM "+14.f--

-;9 -26E09065A0 MO CC' DICO16UTI !llt X -

02CA -tODOEC400 mO ex. E!53' IAENSFr

117g~~~1 170 XCI n

-'.''0703 ~ CII.INAD



FIDRTRA~N-86 COMP ILER GENERATED CODE
:F2: ATR. FOR

024B B90C00 MOV CX30OH

s9V4J'VVVJe IlovL ~L O . =r-4VA

* - <jJ 0 8 4 tFC r j L BF . .. -11 31 4

* '25D # 2E58ftOE0 FD01V Cttes~ m 7
0.263 2ESE0604 rmuv ET 2OSI+

02- us*l70 F~ Ovi .- 5 ~AENPIIt I 7

r'L8r -3 m -

0 288 ee*tt)0606 - - AtLL SYNC2

20--e57- 001k33o *1,10V Ezu~sA
02A 26I8iE6P20 rluV 0 1 osMNI l

---i~t.2689 EE.Wod iiC' ES~ D- rp-rli Hi I e

(3j2I:F 26*B366eo I lo E$.DISUTr,;-________
'2e42 1 d;5 E~.±uu a-iM)-ji

'j~ - ~ 2CI 1 IV x, Es.

IMiv A_ EL-nUL9,781T4'

0313 2*sCiOOoo CAlLv I% -m:UMjF

---- Fe9 3eovi M---S7t-p---- TI W1 :!=m
a2E2W I W 6- MvVCS.twnZ

080 ;r2*s:.c4.ýl -oq EsaTjID r IF
t- a e, ___a__D__e__o__ao__o__o___ ___ ____ ____ ____ __

iT#-t85

_________ S__________ ___0 4 _______e. _________



FORTRAN-86 CCý'1PILEPý GENERATED CODE

:P2:ATR. FOR

_ 03':2C 26:3906F.300 MOV AX, ES: TDELAY

e9245 2.$CD3Fee CCO JIV AX.,E$.TiHER
---- E44 !268St6~ECC6 riv bxestTtt1EfR2t4

ease- 01B02000 Ag aKe ~i.
0957 2-6806mFrcOO M19Y -----r~u r-n AN

e96~1 268--06-8-00 Hey ex,ESTBELA'1
0966 2460D1EFA8 ie OECfELY

-8e72 7Bes3 JOE M

A 377 - 95~ JIIPv e ~ O3O0375

MTTnENrl # 19t
- 7e E96EOO' d4p- 960

eS7F E368bf~ef tlv AXE:5: mftr & e
.e,.4 268ti6EEOC, mV BX, ES." Moe 2!e
"tZ158 2DODS , D .fl C ,2

199 7seedN 5

, 9 131NT 19

1.:~ .3 PU5A IMIN1 9
2E8E6000 MO E:5;tZ i~t5 1_3C__1_,

v-A P.RMOv OyyiiFj z-

u,35c. 26:01EC,6. 00 i M15fl CT-A.. 7 f S, D p

-03C 5 &1~,13 ------ pba---W-EIt~ r x t

03C mzC7tm.E330C- J 1-
j e3 268 ____________9%_____l~3Pvfi

__9B ___~fe----- 0 -.. Es" M--------.- -OK



FORTRAN-!36 COMPILER GENERATED CODE
'.FZ :AT.R.FOR

STATEMENT * 203

STA 1 ________4UF

03F2 I~OOtEO'FF.L

2ES-0600 i-mvy E, I...S aL'JfOI I

0412J z6;3B is$0u rituv

041C. 263915ZJV FIV LIAul~.urjl +*I1Ru

042 .S76E000 MO Ls~i~-.Jvuv ru .B rim LI'INt, OR

0434 9 VOOOOOOOO CLL-~~

1 SllMN r.R4 21

0 t43 9MOO000000' L'ArLL 5EVO%.r

S I AI 51LNI W

__ _ -SIRIEiILM; 0 U

26t 6M0 l~& DE uv b1IR1ItP~n
- 46i L~ .65eto %LV x e I Mrut

2Vý 1 m7OC -o a%,_ __ __

-- 0472%. 7403/c.~''~vv nuj

261-7063A01000 110V EScTC~q
-~~%E ---- e5t 0 X1D71

-~~~~~~ -i #t .~E~ . ;;~ IB ,~ .a A, .(~~A tD "t9- __

- ~ ~ ~ ~ e exI3 21t~.&ccQ~ _ _ _ __________

~~~~e ta ----- A +3-_ - _

I._________________ I___________ ___ _____



FORTRA!N-86 COMP ILER GiENERATED CODE
.F2':ATR.FOR-

041DO 2EGE06C3000 MOY E'S,CS$~aCONS'T

4 6:16 GD.ZO nov BrE9;-8TR9T+2:
ri~v ex7ES.oRtve

----64el- "BBACp3 1 CALL.9
(34B6 m?1eO !aP 8)( ex

04r= 2ESE0Oep fifav-

04EGI 2ýClk~Ap Io BD vEG mLOW1 i i
--- 4F1-4 26t396Eepp MOV ESP STDOQI1 1AM

- G4F-6 2609 -EGEpp 1ý O C;QCN`

-Q-- 2E9oE-9699 rg'o ES -A--ess eeegor -

O -OF ZBODE400~ I1Ov -- ~C

0506 26GC> 6E6139 me CS 0)h CCNCTe+

7 j 7 *t5-HCo.-.
65t E99EF 24:Dz403 nvCp ~~~

- ( 5 ~~ - - -9 A e e e ~ e e e e - - - - - - - - t~I K A ~ 1.: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _A- 2 26B 4 ! -V A),E a~jJ8F

flO i O. CZe4t

a____ C.4 E? e5 e tN4iiA
- 54 26E680 MIV--AX E m* ~NRL-2

~-~Y 4 -ES- -7ZJbl3S

-~i6--2 20L.Oo a oiv eCC.E .WC~tT

e59,2-74e ------- - ------ 
______I, N WQCX ja

6____7_ 51 9 t316Ot mt4



FOiRrRAN-:36 COMP ILER 13ENERA~TED CODE
f:F2: ATR. FOR

05A 1 26513063401. MOV A~~X, ES: DLCVV

-. ~rILV LJA. NtLAp.V-I- H

0 = 1'r~ /VOUL.-'J.LUJVU I1I.V ES N L.L I L -rl , OIM

SI A I EMEN.pT V if

-1&5ft 6CDCoEQ AA, ES.PII~F

-. O ~ 2 or1 01 00 t, O - vr O V - , Es SEAIuL r9 .

05'JM3 5c' r-ur' VT

1 -5

C40 us E7C"Sw U12000V

- , LS, CS - 12CONS

CA62E 26tB1i.e*0 i-icv WAvr
-1:6; 2~E ~ Miav ex., ES. tAlil

- - ~ t t 7 t ~ - Lr l U T im A L 0

- 0*.46 =790-11

0U R X; ,,. t6NL

0653't 268B6OLJ ~-Mp----15x, rcyou±,

-ft565A D%1Z A

'ý 6 5 E -0 9 E ..t) ..r w - ft ~ ~ n ~ j - 7 - - - -

ct.1



FORTRAN-86 COMPILER GENERATED CODE
:F2: ATR. FOR

0667 26F606A40001 TEST ES: SFTINP,1-IH

66FZ E90:20O dpip &SCoXiQ1s

5dTATEHENT #I 223ý

STATEM1ENT it 2:50
Ot67A 2E0Z043000~ M0V'y ESL, CO-9 iCONOTS:

- 68 0t07 tODOE40 -iv O PES T1911
- 68 OCX ZSDLeF60 flow - eCSE.1?TDCS;

8--E69S3 3:7t9C* FxIe,%
0&695 2A00000000 CAL~L TeQ1SO
069&A :74G

- 69F 2ECE9tOOOG (ICY ES. C. iC8NSTi 8H

06 OA9- 2&OD1&JC31 ma 5XvES.NCLTC;I+2M
--06AE--B-eD fR -- - AL, 1

-~Ms O6imE30

(360 1262 1 6Ce9Gt) 6uF 0 0 i Mov E56rOjOMArX~

.5 1 2J* -

ftre 268536AC00 HoY Ax 1 ES. IDTilt
5- F ..:CD Isc~ro low E3.PDTsop1VA

-. 06t DODS162O RIMG

b----ME4- AM03000000 CAtLL 1,32w
750ThET ; 3

t6EE ~ ~ Mo 26ACA0 -G X,Ec.,. lR
tt-6i~b!t.tn~et PieiV LJA'ES. SFTINERZH

-ov C4P3 IFi~ tMLI A

-~~~~ 36' 30 -d



hUI V5~N~6UUM11I-'1i-K I-JNLL~f i .LI i-LUJL
:F2: ATR. FOR

C07:34 26:3916FELOO MIOY ES:TIMER+2H,DX

1110 C3v tc u X.U E- r IJ t:LH --t

0 7;T.! OR00000VUIJ UALL TIT15

i I E~tN

uii2ESM60800~u nM'V Es -;(ON r

v7i26.0156M4D mo -IA X M. Irlou1Ulr

076 21~. e S ru..r DA, =S OPCi

- 07' 166 UON RC A

/.~C E-900 MID .20

O7I~SIIME2q 227OC333-teP'-

* ~~ ~ ~ Ilv Esl~l CSLL ',~1J~

268506E4'~ MX ; wRMu-
0, 91F 2 e ~t0i t = 1MV ,IM-r-rl ur t

Mov~~,L ex1=S- M
MO 1 X.MS .VOte-~

M4 C.7L. I~FIX I ex
.-SM O- _ __ _ _ __ _ _

p 1 PUSrI Lx

t):7ý 9 ig -r -2: DRIV



FOiRTRAN-8~6 COMP ILER OENERATED CODE
:PF2:ATR.FOR

07EF 268B-DES200 MoY DI-IES:DRIVE+2H

87FA :97uF xel 0- ex 85
G7rC 50 ps

1-9 5!2 PUSH__ BX

- 90 $ao RepDflCo ui

Q cO h) 07C SA pe l5>

080A 2iEO000O0O0 MI'.L E9.1

8i)14 ~268S!c7E9 .maF VRSE 21

---4 -4MFI0O ---- () G 2

0TýATEMENT--4 534

- eG2F--2E8Ce69eee f1Ov E~stee
88 268fice lv =;;p -.lrZ
J88 2&6.85idE20e viv W tIV -X ii. DTRST+-2

08A 5 zi i AM t

0051 30 nor T1-t-- --- --

6852 5A PO xI
8:-5..3 75& dZ Q5

-E~e5 19C03 ill eeaeea2e-
-6 858 2fE-8EQ60QC0 H3v- -.

c,1C85 MDZ'7C3C ;-A~ I.X Q5.ý F(vnEVRt
- 386~2 2685iET7EwCA.ov 5 LXES RfVRtEV~2H

ei-d, !A-' k. 7 2. xeL o HI.
oftý JS7D9 xALoBr¶U

y.3, 7 E0 ~ Q 7,503 JITZ *-p -

Jill

- C1070;i~:omooooo S.z.~

-t- TATFEM NT 0 .2.5- -___

------007B 9A90#a9)eee C.tlL EeAN Z~~1N . -

---- j~~~jJO~;3g 1Ut AX*ESRTRS-T

A.1

h Il



FORTRAN-86 OOMPILER GENERATED CODE
: 52, ATR.. FOR

0891 268BOE80-O MOY CX)ES:DJRIVE

A.~En .57D, Axel rjAi.

Tis Fu ti I A X

ri-jro APuff i I

08~M 26BE70 A~lvI SXEiLIA SE1

CO38. UY7Di- ALCflL ~A, L
IJ.-L 3 / MpJ Xc.J SlILC

V.. 70.lJIIJU0JI00 i, CA= All I S. It

22000029;

s STTMM 4-Z

ze"3ýr 020 -Evs~v 111V LI- d~ NS rpN , I

ccSP 0 .u-- I E-___AL__

our-7 'M'SEZ060U 0 Imv EsCS IMCN

riuy ýE. 0ri 5'-P3 PUS E -- -

03F =~- SDEAXJ0 LEAT~ ox, Eii4CdI3

0902i.~ 33 LX -- ____0 Mo



FORTRA~N-86 COMPILER GENERATED C:ODE
-F2: ArTR. FOR

o933 SDIE5COO LEA OXEIT5

2ffse *020 I-o E____I___S_____C______________

---- &:48 26g626 -mov- ELPCPSF7 AX

094D~~~~'~ 26962'Omv S--

0952 ODIkE*MO0LA M NC0
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FORTRAN-86 CCMPILEiP GENERATED CODE

"~F2IATR.FOR

09F4 2E:3E06C3000 NOV ES, CS RCCNST

* "9~ 2E6r-747Mi2000 MV ESM, UI .5.4HJ rim'

A,- A 26-10 102 10 ADD.ui'' ~ji.

oHl 116O0001c U

5~~980000 nuv AXIOMa, I

IOA30 39cLi 1 10V e.xA, AX

15C.A:32 2128 ~ "F 5Q. -v-v 1%v U
ciAS, 26967.o rilV E DS

1 .5V ZXIHA

VM~~C~~E PFv lu -iIV V, A
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oA4u 8-7 %- Mo MDvA

linny AXJ,1

267 S9!7;F3 -- 55S 1 111

d;",=l f110V~ --- a/
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rIUV~~ S.,L3*iLLIM~I 2 76
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FORTRAN-e6 COMPILEk GENERATED CODE
i"P2: ATR. FO-R

OAC5 5A POP DiX - ;
"YACit. *E 0 3b - -- C 'Lrfi

----AeF eO7DA .'! __________________ft_____B___x_
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FORTRAN-a6 COMPILER ERRO-R MESSAES AND SUMMARY
W2F:: ATR. FOR

STORAGE REQU IREMENTS FOR MODULE ATR:

v~lit:Z ARE ^7rr V__vl2

VM~i1~L.. Mr',A-jioU~m L

f QIrum/ 00 %J201,'

oIoVs.i 198

ENTR IN- T'S_ _ _ _ !Aht- -

CO _PLAT _C _ u- r-2 AT__ R_ __ _ __________IL

II R uv -V,-- I D



FOR TRAN-864 COMP ILER
f F2: a ITFNC. FOR

3SERIES-I II FORTRAN-36 COMPILER V1.0)

2 1N'FEOFR4 PEULT1  K fi.. t~ 6) 1A.- 1 -1

R.LSUtT-rNr1E. ANS. MASKý BIT)

7 EL;SE

9I~tr

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ i

I I. ._............



FORTRAN-86 COMPILER
:F2: BITFNC. FOR

12 FI.FNCTION SEBITS(NAME, WIDTH, BEGIN)

S- i 14 L iC,;iO irZTE-3/ ESLTHAE

i7 D 0K••g'!

t IS RMASKýRA . •MASNK 1-14310P, (K)
t 151 iov CONih ilJEt

- .0 AT 4U E-- 21 t3 - -- 8Aln.ftlm t
.," ~ ~ P I, U.. R N •1 ...

END
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FORTRAN-Se COMPILER
:F2!BITFNC.FOR

23 ELOCKDATh DATATR

I N T:E0OER: RESULT. rIASt( 6 hE-- -

:JT8EXR:4 LI9iALvr IIa, Of It2,B0t-k-tt~rIt'LT t 5,rttrTttrtt rTTt 7,tVrfITt!
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Si i !INTE1)ER=4 eCiE i J6AR 1 N2CviRO 1Ne JC.tr&4,-f JCAD5 1 Jt,.-Nd,jSD, &ARD f NYCARDSI-
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17-i 1 NTEGER* 4 -32150 3ý2 750 1004, v 05,2;133307G 08 0 ii1

39iiNTEGERA PIT-ýINJWERlAC W _____________
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4* 1 t tA r .".$CESIP7 HFic;tPX LLCOrS LIPCIFrflL r ,L31L4t
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IldFE8ERO4 POWfVWPt;f-VVTSATfVVrSPWVTW
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XnTIMIE , rtr~wti NJR $ TlL1 H-rL- v'J ¶Mr- rzVrL M;= v VtTLv ,R171:0

t5fl II-- ltCERIW4 CKPrzjL iiutC tlcicRWS2

o i- I v-U -ULt. IW-Y!rT PRt
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FrORTRAN-,':d6 CIDMIV*ILER
'F2: BITFNC. FOR

30=1 REA~L*4 EJHWSP1 DHWSR, DPWSP~.DLSWSFP

8!!,=- I RECM 1PW UPSr WoMrM~I~' L.l,

Z~ttC~iinRE L ,* SPTS ± i-u PC MAT~7TDH~DR XDR7TT5Wr il-iRr- w ± Li I MI
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12-i RMWP MSSI -+ LJiiF kJ~,Llj
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FORTRAN-06 COMPILERi

:r2::BITFNC. FOR

-. 3~=1COMMON /CINOLTIT '3CTD, GRCLSE, 3OTD7 OROPEN, F'CFWIDP, ULOOFF, SLOWER

4eet- eme -trhiI'I3T TVV. PFTVV 1I CIATVV IWV--

am-- C.ZrhON-e-tobtAd Xrn1xtrAM)2,-tUX4rAdx!3-AiJ6,dx3,,Adxy jxS. IS~
ZOMUON /CT!NOUTe r~Sris RF&Ml,9R521, RPC RES---

S4i3-i COMMON /CrINOU+ T/ V vlT STY V
i44- COMMeN /CeALC/- AFVCeAr, ACDCArt 13ts1  V L-F;-HSR, OTIRNR, PA1JTFR

C4w OMMON /CALC FRn. W~JCNZT -___________________

14i6-i CO9MMON /CfkLol rrnTrn.q CFMTFPrnCP.M:FrR ENCTCM.- vlHIP S! 1OTCM

* I10- CMMON /CAI C,' DI iScr.DI WCPtorwor 1 Swsrf'NINýAXbrT)
130e,. 1 --- e;#O /CAC/ nrP, 9Drrir, rErrTq- P9tr3E, nf rqT

151 = CO MMON/CAO APMaF , ASM8r, SO& 1St S!1LfFP
COMMON i1 tLC/ SrfmQ u'rr ST.RIEFF, REPT
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FORTRAN-S.~.' COMPILER
FZý; 0 1 TFNC. FOR

I :~= 1 DATA, LSCPF, HFDPSP7 LEOPSF, LPHiL':-FLcHLSF/ 5*.FALýE ./

I lpom! WIRM rAMNSF. PRMLS :

± LIM I MLIN.)t Mr~I- ,M~ fl.1:6 -H..nl- IrW.t- -5*.W 1- ALim 7 r*I- ~

DAM I KH ji , JME GIN, ul CO I ,~ SUSMS13, N ±lI,1M.,Wtrl(*.3

ZTIr -t-10 1 t W0,32 7 r63, 07~Iju

-- ----- WT 7M , _12` , S , 4 96,104,MU2' 1UA , 1,5MUM :3= 7O

KAN UKLýf I.' LI1h~TLi;; I /PU z-vl- v I2ý6

zu.4ý ITPFFI A~ .-lUZWi-TplP IRS 1AS-2,I;1(,lvS, 11PREC1VSRTE.STP7C770

0-3= 1 DA IA -DRi-itii, uRt'fF7URMi' YhLti V i I Du.: FV. I, *Uýo F ~ U1~.57.0r C 7 1
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FIDRTRAN-86. COMPILER ERROR MESSAGES AND SUMMARY

*F2. BITFNC.FOR

STORAGE REQUJIREMENTS FOR MODULE TBIT:

eO -fE -AREfr-2-1Z eetI41 it

CV.AR.ANtE AREA IZf ft!~ j 00S !IL

HAHMHMJI 9TAleK SIZE tC.QGt clr

----4)-ERR.GRG GETEG'ED.
G C URflING6 iSGUEB.
ENTRY ROINT !S 411

-. CMP;LATIOGN OF TBIT- COMPLE=T-E~i-



FORTRAN-86 COMPILER ERROR MESSAQES AND SUMMARY
'!F2" ITFNC.FOR

STORAGE REQUIREMENTS FOR MODULE SBITS:

S...... EA .,ZE,. S00ACI-i
; ~CONSTANTI _ AREA S--IZEr 0000214 20

St~I•I•LEAREAosc-- SIZEEk wuvcn ?

-AXIMU- 3TIK MIZE O0000 t415

'W 0 WARNINGS•IIJ.3 ±S.U."
( -- EI•3"my F-0 iiT Is 4pi

S WER UP cs.RATED. ----

a!I1rUH .IIIILI ..F 23 11r LUflI-L I E.

A. 3

KNo-

-T

. I

-j



FORTRAN-86 COMPILER~ ERROR ME',-..SGES AND SUMMARY

;-2BITFNC. FOR

STORPOE REQUIREMENTS FOR MODULE 13ATATR:

..3DT ANT~ ARASIEZ00imo

VARBIANtE AREA .1§2 000H

,'RRCR;O66i /

9 1 TFNGý 002619O! 66C
'eAIL8, eaee 21

-~ERRGflC- aL~TD
8 W.ARWNINOC I39LID.
eClrlPft-AT18N t3F BATATR .zflr~tETE..

&~- 9EFIT-A RfN 19SUEBE.

ENO 5F Fe'RTReAN .A C0,1Ot~iIA4TI3N.

____ ___ ___ ____ ___ __-A.32
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FORTRAN-86 CIDMP ILER
:F:ý;rINSHFT. FOR

ERIES-III FORTRA~N-86 COMPILER V1.0 ___

.~~ ~~ a5 t-i 2 e.JJ~ UUMMIL. F Ul Ntt; P1 r

11r4 1 lAj'Vtr4W , RLZT,1 MASK 1. I.S)'t . NAM

:3 T~~w , ,wIiumi z; u

4=1 l~lq~lE0E' k I Ea -T O, 8 1 11J.c. LU IS 11.~ 12.13 1 UI EJ4V. 1 .711 6 jII 7

I N3TMGR~WX 13112,131I- 121-Lr~-, 91122,3t-12

&MI LOrRIr
4 Bal~!. 1, 8 1 12-3 9 4

9-1 4 N 1 tULJ..IIf4 SE1rI I- N 1, EUIL N:, l.2C~hoU I M~UVi'+vJ-- .~I MI 'UINbvJU1NýU
1001 1--------te~A~ N I EGKATlX-i..J.. nI V tU kt..Z 3U ;9V-U 49 ;U Z 3~~

I 3M. I tOtCCwiARDiu, ZIFEARD, e.CAR03, ji~~r Hrjl ,Mjwr

Jin I rEErT*4'W v4 D012,DG3,MG4,Duo,13 15. Dul~i 17. Liu IIP.1 !PR7IPF1¶P

Ni T~ESE"4 Y v UU4V

19-1 4 I EU %.*'+ W A D~ I m ,c S4',IK.5

t4 1 I N ~tE..E4 M::F
-*7-1 IE tR.4 HCF-F, niWTtULS , £L3KP% 'Sr4
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FORTRAN-86 COMPILER
F-2: DNSHFT. FOR

REAL*4. FDR,WJCNST,INTCP*TC-1:1)

58--t$=-- REALI44DWP.HWWZŽW3 -

6-1REAL: 4 PrIDa, DPMiP.H''f -;LrrT TRFEýrftRtet-
-6>-i ~REAL:4 ArT~i~r~r~x - -. - " I _______

flCALb 4 DPfrlvFRTvrxrr. rrP,-sspRfreIrrDrewJ
-64w! -4--REAL: 4 rPim 13 r-rr. Arsa, A9SJZ'.
-65- RCL: rfrr---ýTflQ.VPrRcrPP,rrr1ErrREPqr

66-1RCAL:1 6rD-C.CrGrr.MAXr1Cr.TREflDCG

-68m 1 flEAL:*4 ALFWS. * SW--- srAUMrzW. fR?4Fc,T.T-it& e--
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--- Ia-Wt PCALi=N !1,P II6.tP!.M 191 w ~6M 1 3 iM ,t 9. M2
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0Q9tG e--! TFNC/) JCmARZ. JCARDZ, J0AIR03,d tttAR04,~ ciR6 0~D.
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1 get 1 COMMm 'J1 EPPCF:/flCLCCPvE=S-~SRNSr.frW-RN6-,-f Ar-F*N--------
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FORTRAN-:36 COMPILER
;F2: DNSHFT. FOR

1 13= 1 iX'MpI0N /CINOUT/ ISFMPR, ISAMPR, IENiCTM, IPHOTM, ISH0TM. IDTRNR

---- o-N I -nA- ,T ,TIVLHIF
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j.21=1 i.u-4F II.J~qj A. ai-iirWhi r'.L Lirloov PLAi'.iEO'.l1Lr.iIir~1tc'r
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FORTRAN-86 COMPILER ERROR MESSAG3ES AND SUMMARY
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* FORTRAN-86 COMPILER
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FORTRAN-86 COMPILER ERROR MESSAOES AND SUMMARY
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FORTRAN-86~ COMPILER
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FORTRAA'-86. COMPRLER ERROR MESSAGESý AND SUMlMARY
fF2: ANLGIN. FOR
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FORTRANI-:36 COM I LER
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FORTRAN-86 COMPILER ERROR MESSAOES AND S:UMMARY
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FORTRAN-86 COMP ILER
:FZ:ECAN..FOR

1131=1 COMMON /CINOUT/ ISFMPR, ISAMPR, IENCTM IPHOTM~l ;ISHO-TM, IDTRNR

-Att C~IOMMON 7CLNWU 7i MES II, 1r 1-ESTZ, MYLP-s~o shfflt prttIli MOP, i.NGra0it rjEuNOMS
P-.5 ff-.l t elUC WOWGUT CeKpul it&AIrCK-tis ItKuRtS=3

110-1 OitqeifiO TCOT VhrIfeKRS I-veKRSt2
tt9-t efrtiwld ;/OINQUT/' UCI14SF.r -AES_ ITiSE.-1D, I A P-S$1011F, IAQTs Ar :F S51

-- t2i~1-----etmteN-ttoetjf1-flfTm-r MeeERv S?-fa!eel',rr eBM8 TDO
---iee, 1~ COMMO

ý_I 2m iGeme -1"Ek" -W7 A lVtvINOPGNi MOION, TRKSTP. SURISE
t25 1 011ON /CNOLIT.,' FlATVVRYV Vý rrý.SAVSFTVV
-f~6+------68tt13 Y,eCI NOT/7 - i AUui,, AUSAU4AX;X. 1 X:7,;All," 81ES

-125-1 t COMMON ;c7T-f cey~notto7,nrs R'
126-1 - ~ ~7OtAflC/ ;OINGUT PTY&¶

-i-t3-1------COMMON /~L/FR JN

i CftcnnGmmN IL.Iel. rn I 1-tw, Ajrr n~r r 1.I0 r, N IS

- 1$- Cb-C1HCLC,_. SI-.r .HrflSMrrRE V rlA -- V~ il-OTUIU

-1-85'its -eeMl 1eN- ;.ZALC/ PFD;"I." 1rFD2MFW. 1115SSt

L i 0- C1j ii.C m , C.iL,131~, 6F??, RclFF, lrrnSr, n1137rVS.Il ?MC
.15-1 COMMOCN /CLC PLI, PDF HU$FTiE, E
- -t CUriGNtAc SFR& k.PP ;P1EF RE9--A11P,~S

C~isir1,10 Tfag ICvMO 10C r±riO~Nft.CtKOr1.o13 t&,NQI'.veNC~lr-M2v' )Tt
ClhnI4F 1 $A6FR1u-. IFIPTS'WR--___
Et0t Lill.j C7.uT 205~2T,3 n1 inp u

-t~~~ -1 urlI' 1lUI LM.2 1 t122 Iill. G I ii5 70or2,rist i2)f
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F:F2*ECAN,,FOR

+ +0. 131 65E-07*AENSP**3-0. 94'209E- I. 2ý*AENSP**4-33.6a

L MjJrtiW-L.J. t29 / __- __ - __ - ._ . - ..

-0. I)7 terl jU . Zj,

Z69 MLJ.ruw-0 M.3

0Ur~. 1627W- 7W1ENSP -0. 99isQ IW$P ilp * 4 -2. 3

V 17:

( ~ ~ C _______________I=.______VALISE________

"i -i'ruutf .Ne7CMCT- Tr qEN

!P(DE71. 2$00.--t3t 0) DES-y.. 0
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F0RTRgAN-':E:.$ COMPILER
:'r2:EC~r*N. FOR

2704 IF(TRN1JXR.EQA.) THEN

t Ft t &TC ------- -tT. 4.3k et±-b-m5.;.i~---

-2ii

212 DCOUT~-DICOT(l).A2ND.BG2:7 -

216 !~~F((D~eW 9 APDCBAN .1 = . F D4ý i-B &UT 5) F.M'(UT ) ;3.Of 0826

219I.E.JWL URN ~ 4LT
220CO~ ENOPrLr4. IG)D2UT3f~---

47D~



FORTRAN-86 COMPILER' ERROR MESSACLS AND SUMMARY
:r2:ECAN.FOR

STORAGE~ REQUIIREMENTS FOR MODULE ECAN:

mo 0000SH 19813

0 WArRNINGS ISSUD.D
E T Y rinlil is eUI'I)Q ,flALMILU'



FORTRAN-86 COMPILER 133:30:'00 11 DEC.85
:F2:P-i'EQIN. FOR

SERIEIS-Ill FORTRrAN-S6 COMPILER V1. 0

-ts *e-jz r:oiiiiro
2 i irJCC114 REULT, v M~K 1t6); NAME

C-3i !:NTEeER;4 LI,~T LT~£~Dt,~!,tttTDLL
4-1 IthTC3ERN4 ZI1 1 t~1bT2Dt$sT4D~ Z3IAT16,BIT:7 1 ITI1&

:7-1 INTC)C1R!!4 LIT4CU71DT2LT4.1I4,T50I~rftt~-
-8 i- INT-EEC=Rzz DI~t12Ol.8i1R~tITZ2Di 1 49

12,-i INTC)BER4 JCbiRD1 , JCARDZ, JC~fl5iOR4 1Z1RD! 1j~Tt4'6. flRD75'JCAT
-*-i---t iIJ+8ECRfl4 JcAfl2.JvCdARM10deISSfl..JCAR12 1 uC~ijflv1O.uCAiml4.JCAR5TsJCAfl1

15-i 1NTECERm4-ttrei0euste-I~ 3 1 14 Z9D1
!6-i -ftTLE8ERN4 Z81 7 J 1 ClCD14ZGC6e.17D&CDa 19 De23
17lE~eEN fl0.6-29291 DC24, DS25.NORriAL, rowcn

-- I- NTEGER*4 D526, Ott'.bft 021-9615
t:; I Nf 1CGC-4_ W HIDT; ;EGriN. LND, Rti.K, I~ K

LOG h,,;w4 LIOFE.PI Hflf~Sr 1LEOP$r .LrH=Sr v,~S
:-i L0Oh CL N!4 ft!TLIIt 7 Lf'SRppFQF. RESF

-~~4- -I-- LOG C,-=Lw4 F. i LSrIM 7 4oCITSrT.SCSPr4tPr

ZL4- I t~CAL'r4 FAHHS FAHL5F EFPkir 7 HPSS FHwSE rit.

LOG- ICic 1.~~~,~.iii rv-n- Tov111 Z ±2sn r ±i, O

41-1 1. iv I TE2-a& r4 IE,ZoII I. TE'S 2I L: . I.vfly, I rrsSENNUroo,1:4.

I4 WLuCFlW4 CFUMP.rur L.IKlrAMr tA~rS1 I . KFt

INS I L'oLI-*% Ur-rP~. I ,L tt~, L.-K-, 1. V;,ZLZ:

JPJ INru 4 1ntg LI'Ior I -,r ic-rm,3Fiioi-P7A1SSPTjflVSSo 3, 1l1rLM.SF, 1 R±MW':rP
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FORTRN:6 C LOMPILER 13:30:00 1 1 IJEC. 35
:F2!FREQIN. FOR

55=1 REAL*4 FDR,W1JCN!BT1 INTCPT(-1: j)

-7 -- 1;5S I OIE

KEAL*4 5DHWS5, UH!Dl Uri.;-sr, i MoWS-

5 "W I r~rArs.--S-rrr ~ ri~vDS P~.SI , n.F, i.,v ri1
I7Z 1l. nm tW 1.L IvFr R I , Fi+. D 1 F , D i+'+, li1'rp R l+A I l~ Z, ri'+c;V i'i'+z

is~mi K rIP C i, PtD I S, tFL I P. # F-SSP . * I'S lI.

m GE I N,- - - F =- KS rW± KSJ?, 1

7~ rztA-h.J. JL-i-tIMLP+, M14J-' MIZ. M Sr¶U$7,,;fCr19 r121.

9±-i1 c.UA-L'I2ý f0± I1IFL.1 ) I

* ism- 3Ct1O /E'iTGERW4 1-35,13 i6,3 M, %V~~iu u..' ',~

------------ e IMOW-7 9 1 IF NC I4IDh1  tN-WD 1MEhiK I,
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FORTRAN-::t: COMI'-ILLR 13:30:00 1.1 DEC.V5
PF21 FREQ IN. FOR

113=1 COMMON /CINOUT/ ISFMPR, ISf-11MrR, IENCTlMl IF'H'TM, ISHOTM, IDTRNR

(3 ~ ~ ~ -e11 4TýI` LJJDV TRNCP45, SEA, P'ARK;IftrtR3,D I C-
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rC'RTVRAN-a8. COMPILER130:01 E.8
~2"-FRE I N. FOR

ELS
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FlO'FTRA~q4-:36 COMPILER~ 1*:3: 'r: (0. 11 DEC,. qE:5

CCHECK FCOR ENGINE Mt)C PICK,'UP FAILURE (D~FAUJLT TO 600 RPM1)
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FOiRTRAe.N-:34 COMPILER GE~NERATED i:;,ODE-
liz2:PR02IN. FOR

1i~C E PUH S

SI A IL1 r-ET# ~
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PORTRON\-.,6 COMPILER GENERATED CODE
lr F2: FFRE 0 1N. FOR

,i .ii~r~' ti j.

F -- WE
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io OFRTRA~N-86 COMPILER I3EWRATED CODE
11F2'. FRJ 0 N. FOR

Ul1EF EC'3000 *JMp OOO
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FoRFTRAN-86. COMPILER a3ENERATED CODE
f F22- FREQ IN. FOR

02AE E90300 iJmp L6-00007

5TATEM.lf~N # ,.'
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FORPTRAN-:86 COMPILER GENERATED CODE
F2: FREQ IN. FOR

I. 
, STA~TEMENT * 1WO

f1t" - -1 ; .3 D DD2 -il~~
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FORTR~AN-8 CIJMFIL EF GENERATED CODE
VFRE -RiIN. FOR

044$243XX~~oO MOV AX, IES: 'RM)3op
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FO'RTRAN-8~6 CO'MPILER~ GENERATED C~

Sr2': FR EQIN. FOR

OF523 260LUE7200 mov D;X, ES: SEEA+2i-2

CALL1 Ls I c X
052A~~~~~~~ 9 ,al~td ~ ~ r-
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6545*rLJ~
QZ4 - - 1CS X
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FORTRAN-:6 COMPILER GENERPTED CODE!,F2: FREQ IN. FOR '

05CF CD: RET
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FOF:TRAN-:86 COMPILER ERROR- MESSAGES AND S~UMMARY

tF2: FREQ IN.PFOR

STORA~GE REQUIREMIENTS FOR MODULE FRCQIN:

OrJOE A~REA~ U

il M~aUM STACKr s5it.E 000y,20 3r

I r-ir LJ -1 001

ENTRY POINT 4

C'TCITAL-E-RfNCd DEITECTEV-.

0N ~ TfYrt WARN!46 hF iietwd.

COMP I ON



F'JRTRAN-54. COMPILER
"F2-'TSTREP. FOR

SERIES-Ill FORTRAN-86t COMPILER V 1.0
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Input/Output Pin Sheets for SC-1 Microcomputer for ATR Vehicle

J7 Pulse Width Modulated (PWM) Output Signal

P1 Desired Low Clutch Valve Voltage (DLCVV) (Page B-9)

P2 Desired High Clutch Valve Voltage (DHCVV) (Page B-l0)
P3

P4

PS Ground (Page B-11)

J8 Pulse Width Modulated (PWM) Output Signal

P1 Port Forward Transmission Valve Voltage (PFTVV) (Page B-12)

P2 Starboard Forward Transmission Valve Voltage (SFTVV) (Page B-13)

P3 Port Aft Transmission Valve Voltage (PATVV) (Pige B-14'

P4 Starboard Aft Transmission Valve Voltage (SATVV) (Page B-15)

P5 Ground (Page B-16)

J9 Digital to Analog Converter

P4

P5

P9

PlO Read Port Sprocket Speed (RPSS) (Page B-17)
P1!

Jill Frequency to Digital (F/D) Converter

P11 Ground (Page B-18)

P16 Input Actual Port Motor Speed (IAPMSP) (Page B-19)

P17 Input Actual Starboard Motor Speed (IASMSP) (Page B-20)

CAo Input Actual Port Sprocket Speed (IAPSSP) (Page B-21)

P19 Input Actual Starboard Sprocket Speed (IASSSP) (Page B-22)

J12 Frequency to Digital (Ff0) Converter

Pll Ground (Page B-23)

( P16 Input Actual Port Waterjet Speed (IAPWSP) (Page B-24)



P17 Input Actual Starboard Waterjet Speed (IASWSP) (Page B-25)

P18 Input Actual Engine Speed (IAENSP) (Page B-26)

P19

J13 Analog to Digital (A/D Converter

P1 Input Desired High Motor Speed (IDHMSP) (Page B-27)

P2 Input Desired High Motor Speed Ratio (IOHMSR) (Page B-28)

P3 Input Desired Turn Ratio (IDTRNR) (Page B-29)

P4 Input Port Bucket Angle (IAPBCN) (Page B-30)

P5 Input Starboard Bucket Angle (IASBCN) (Page B-31)

P6

P7

P8

P9 Ground (Page B-32)

P1O Ground (Page B-33)

P11 Ground (Page B-34)

P12 Ground (Page B-35)

( P13

P14
P15

P16 Ground (Page B-36)

P17 Computer Ground (Page B-37)

P18 Computer Ground (Page B-37)

J14 Analog to Digital (A/D) Converter

P1 Input Port Forward Motor Pressure (IPFMPR) (Page B-38)

P2 Input Starboard Forward Motor Pressure (ISFMPR) (Page B-39)

P3 Input Port Aft Motor Pressure (IPAMPR) (Page B-40)

P4 input Starboard Aft Motor Pressure (ISAMPR) (Page B-41)

P5 Input Port Hydraulic Oil Temperature (IPHOTM) (Page B-42)

P6 Input Starboard Hydraulic Oil Temperature (ISHOTM) (Page B-43)

P7 Input Engine Coolant Temperature (IENCTM) (Page B-44)

P8

P9 Ground (Page B-45)

( P1O Ground (Page B-46)



P11 Ground (Page B-47)

P12 Ground (Page B-48)

P13 Ground (Page B-49)

P14 Ground (Page B-50)

P15 Ground (Page B-51)

P16

P17 Computer Ground (Page B-52)

P18 Computer Ground (Page B-52)

J16 Parallel 1/0 (Switch Closures to Ground)
P1 Clamp (+24) (Page B-53)

P18 Desired Suspension Up Valve Status (Page B-60)

P17 Desired Suspension Down Valve Status (Page B-59)

P16 Desired Secondary Cooling Fan 4 gpm Valve Status (Page B-58)

P15 Desired Secondary Cooling Fan 8 gpm Valve Status (Page B-57)

P14 Desired Electric Bilge Pump Activation (Page B-56a and B-56b)

P13

P12 Desired Starboard Bucket Counterclockwise Valve Status (Page B-55)

P11 Desired Starboard Bucket Clockwise Valve Status (Page B-54)

P1O Clamp (+24) (Page B-53)

P9

P8

P7

P6

P5

P4

P3

P2

P20 Clamp (+24) (Page B-53)

P28 Low Brake and Clutch Lube Pressure Switch Status (Page B-69)

P27 Low Brake Release Pressure Switch Status (Page B-68)

P26 Low Brake Supply Pressure Switch Status (Page B-67)

P25 Low Part Charge Pump Pressure Switch Status (Page 8-66)

P24 Low Starboard Charge Pump Pressure Switch Status (Page B-65)

Kii



P23 Hydraulic Filter By-Pass Switch Status (Page B-64)

P22 Port 1 Suspension Cordponent Switch Status (Page B-63)

P21 Port 2 Suspension Component Switch Stdtus (Page B-62)

P19 Port 3 Suspension Component Switch Status (Page 8-61)

P29

P36 Port 4 Suspension Component Switch Status (Page B-72)

P35 Port 5 Suspension Component Switch Status (Page 8-71)
P34 Low Suspension System Supply Pressure (Page E-70)

P33

P32

P31

P30

P37 Signal Return for Computer (Page B-73)

J17 Parallel I/O (Switch Closure to Ground)

P1 Clamp (+24) (Page B-74)

( P18

"P17 Desired Primary Cooling Fan on Valve Status (Page B-80)

P16 Desired Primary Cooling Fan Stop Valve Status (Page B-79)

P15 Desired Secondary Grill Open Valve Status (Page B-78)

P14

P13 Desired Seawater Pump Activation (Page B-77)

P12 Desired Waterjet By-Pass Valve Status (Page B-76)

P11 Desired Waterjet No By-Pas Valve StRt!., (Page B-75)

P1O Clamp (+24) (Page B-74)

P9

P8

P7
P6

P5

P4

"P3
P2
P20 (Clamp (+24) (Page B-74)

( P28 Starboard 1 Suspension Component Switch Status (Page B-88)

.!



P27 Starboard 2 Suspension Component Switch Status (Page B-87)
P26 Starboard 3 Suspension Component Switch Status (Page B-86)
P25 Starboard 4 Suspension Component Switch Status (Page B-85)
P24 Starboard 5 Suspension Component Switch Status (Page B-84)

P23 Low Engine Oil Pressure Switch Status (Page B-83)

P22 Low Port Hydraulic 011 Level Switch Status (Page B-82)
P21 Low Starboard Hydraulic Oil Level Switch Status (Page B-81)

PIg

P29 Cathode Signal Return (Page B-89)

P36 Low Vehicle System Voltage Switch Status (Page B-95)

P35 Low Control System Voltage Switch Status (Page B-94)

P34 High Vehicle System Voltage Switch Status (Page B-93)
P33 High Control System Voltage Switch Status (Page B-92)

P32 Primary Grill Closed Switch Status (Page B-91)

P31 Ramp Closed and Latched Switch Status (Page B-90)

P30

SP37 Signal Return for Computer (Page B-96)

J18 Parallel I/O (Positive Voltage to Card)

P1 Clamp (+24) (Page B-97)

P18 Desired Motor No By-Pass Valve Status (Page B-105)
P17 Desired Port Bucket Counterclockwise Valve Status (Page B-104)
P16 Desired Port Bucket Clockwise Valve Status (Page B-103)

P15 Desired Primary Grill Closure Valve Status (Page B-102)

P14 Desired Primary Grill Open Valve Status (Page B-101)
P13 Desired Hydraulic Bilge Pump Valve Activation (Page B-1OO)

P12 Desired Hydraulic By-Pass Valve Status (Page B-99)

P11 Desired Motor By-Pass Val e Status (Page B-98)
IV I uamtp TCni -r-- D-7)

Pg

P8

P7

P6

P5

( P4



(
P3

P2

P20 Clamip (+24) (Page B-97)
P28 Aft Electric Bilge Pump Activation Status (Page B-114)
P27 Seawater Pump Activation Status (Page B-113)
P26 Hydraulic Bilge Pump Valve Activation Status (Page B-112)
P25 Forward Electric Bilge Pump Activation Status (Page B-111)
P24 Desired High Gear Selector Switch Status (Page B-110)
P23 Desired Low Gear Selector Switch Status (Page B-109)
P22 Desired Seaborne Mode Selector Switch Status (Page B-108)
P21 Desired Transition Mode Selector Switch Status (Page B-107)

P19 Desired ,Landborne Mode Selector Switch Status (Page B-106)
P29 Cathode Signal Return (Page B-115)
P36 Desieed Drive Selector Switch Status (Page B-121)

P35
P34 Desired Reverse Selector Switch Status (Page B-119)
P33 Desired Park Selector Switch Status (Page B-118)

P32 Fire Sensed Switch Status (Page B-117)
P31 Low Scavenge Pump Pressure Switch Status (Page B-116)
P30
P37 Signal Return for Computer (Page B-122)

J28 RS 232 Transmit (from SC-i)
P2 RS 232 Output (from SC-1) Page B-123)
P3 RS 232 Receive (by SC-1) (Page 8-124)
P7 RS232 Signal Return (Page B-125)

J46 Terra Computer Power
E Ground (Page R-126)
F +12 Volts (Page B-126)

J32 Miltope Recorder Power
82 +24 Volts (Page B-127)
83 Return (page B-127)

S84 Chassis Ground (Page B-127)



J62 Terra Computer Warning Signal Output

A Light Enable (Page B-128)

B Return (Page B-128)

C Time Enable (Page B-128)

D Return (Page B-128)

J40S Terra Computer I/0 to MODEM

A Signal Return (Page B-129)

B CTS from MODEM (Page B-129)

C LTS to MODEM (Page B-129)

D RX from MODEM (Page B-129)

E TX to MODEM (Page B-129)

F Ground (Page B-129)
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J7-P1 LOW CLUTCH VALVE VOLTAGE

LOW CLUTCH VALVE

Sm LOW CLUTCH VALVE

24 O. (VOLTAGE)

J41 JUNCTION

BOX1

CI
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J7-P2 HIGH CLUTCH VALVE VOLTAGE

HI1GH CLUTCH VALVE

SHIGH CLUTCH VALVE

-, (*VOLTAGER)
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J7-P5 GROUND

tU

JUNCTION BOX I
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J8-P I PORT FORWARD TRANSMISSION VALVE VOLTAGE
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7I 7
024 ON. "2IL %0
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18-P2 STARBOARD FORWAR.D TRANSMISSION VALVE VOLTAGE

(lo I

( _________________________________________________
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J8-P3 PORT AFT TRANSMISSION VALVE VOLTAGE
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( ~1 12 1
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0EE ADDITIONAL SCHEMATICJo
AT END OF THIS DOCUIMENT L U

(d

fZ

J41P 4 si-

B-413

F-1I
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:- -i
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J11-P16.INPUT PORT MOTOR SPEED
SHIELD " 24V jJ 6 KI,-( PORT MOTOR SPEED F
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qr J3

JUNCTION BOX 2

IJ4912

J92 KL M

J41 22 JUNCTION BOX 1
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J 11-P 17 INPUT STARBOARD MOTOR SPEED
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MOTOR MAG.

J1401 I PCU

JUNCTION BOX 1
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J 11-Pi18 INPUT PORT SPROCKET SPEED
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Ja1 2 JUN TION BOX 1
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B- 21



J 11-P 19 INPUT STARBOARD SPROCKET SPEED

U STARBOA-RD
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J40 b
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J I12-Pl1O INPUT PORT WATERJET SPEED

PONT WATENJET
flAG PICKUP 101L OD

JNTION

BBO 24



J12-1317 INPUT STARBOARD WATERJET SPEED

STANDCARD

J4 8 JUNC TION BOX 1

F711



J12-P18 INPUT ENGINE SPEED

ADDITIONAL WIRING
THROUGH GOVERNOR

ACTUATOR

IL

SGND. *24

JUNCTION BOX I

LJ41 29

rF L H
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B-26
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,17 IJ4 GND
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J13-PO GROUND
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"J13- P16 GROUND
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J14-Pl INPUT PORT FORWARD MOTOR PRESSURE

SIGNAL 0
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Tft _C~
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J14-P2 INPUT STARBOARD FORWARD MOTOR PRESSURE

(.

iI F

(F

B- 3-

co a a PREIIGURE
•" ' I ' RANSDUCER

("1"• t'•CONNECTOR

0 24VM "KI) 1N

I - JUNCTION BOX I
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J14-P3 INPUT PORT AFT MOTOR PRESSURE

i• •, *24V
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S~JUNCTION BOX I
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J14-P4 INPUT STARBOARD AFT MOTOR PESSURE
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jUNCTION BOX 3
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"
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OIL TEMPERATURE"
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J14-P12 GROUND
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J14-P15 GROUND
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B- 51



J14-P18,P17 COMPUTER GROUND
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CLAMP (+24)

(i
24V C +24V -

BO 1
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TO STARBOARD G -ltur

CLOCKWISE VALVE (D +24V

"j JUNCTION
i -5wi W BOX 2

J16/P11 J49 W

DESIRED STARBOARD
BUCKET CLOCKWISE
VALVE STATUS IJ2-I 1i I I

Si JUNCTION

L-LiliBOX 

1

( _-

B-54



TO STARBOARD BUCKET 0 Rtr
COUNTERCLOCKWISE I~2 V J1LI j
VALVE

J16-P12

DESIRED STARBOARD
BUCKET COUNTERCLOCKWISE

VALVE STATUS J

c~J.t
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JUNCTION BOX 3
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From + Return 0 ToAI+4Electric I J721 KI""L "
AAI • ?4V •'•Bilg• --- 4 ',•'
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J16-P14

DESIRED FORWARD ELECTRIC
BILGE PUMP ACTIVATION

j --
( -a
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JUNCTION BOX 3

LReturn ~T

BILGE~ PUM ACIATO

Valv J736 54H
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DESIRE AFT EECTRI
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J16-P15

DESIRED SECONDARY I

COOLING FAN 8 GPM J A 8
VALVE STATUS

G Dg

--- -• Return
-v -To Cooling

A I +24V -0, Fan 8 Gpm
For • -Valve

R1 y. •
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•JUNCTION BOX 3

-a. +24V Suspension Down

SReturn Port Return
Retn . Stb Return

LH yd. Pwr.

J16-P17
DESIRED SUSPENSION -7

DOWN VALVE STATUS

co -77

i

•B 5



JUNCIONBOX 3

+24o Suspension Uip
SRpturn.. Port Return

ReturnStb. Return

[ilFHyd. Pwr.

375A BC

J16-PlB 3J76 JA BiC --

DESIRED SUSPENSION
UP VALVE STATUS

GND +-c~24V

JUNCTIONEii~959 BOX 1
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J16-P19 
To Sus-

JI6-P-9 "- .J@ pension
PORT 3 SUSPENSION Component
COMPONENT SWITCH STATUS Switch

• JUNCTION

I J51 CfBBOX 2

B-61
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To Sus-
pension

0Component

J16-P21 I I -| Switch
PORT 2 SUSPENSION ____

COMPONENT SWITCH STATUS

ljs5.B, L L _ BOX 2

e J4_] B••

IJ98 G IH IJ

73

-4i

S~JUNCTION

rBOX 1
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J16-P22 To Sus-

PORT 1 SUSPENSION pension

COMPONENT SWITCH STATUS Switch

JUNCTION
J51 BOX 2

RJ49 
A

(
C6ION

i)X

(( )

B-63



(.. JI6-P23

HYDRAULIC FILTER BY-PASS
SWITCH STATUS

MILTOPE RECORDER

TO HYDRAULIC FILTER
BY-PASS SWITCH SIGNAL

(CONNECTOR (AAI) r-

Af l l l ... IFT R- 
-

7 D 1
nI

TERRA COMPUTER JUNCTION
I - l l •IJ 

BOX 1
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J16-P24

LOW STARBOARD CHARGE
PUMP PRESSURE SWITCH J
STATUS

- Ln

c T

A,

co C : To Starboard
"I Charge Pump

Pressure
Switch

SJUNCTION
BOX 1

J

B-I

IIR i JTJ4

,ai
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J16-P25

LOW PORT CHARGE --L
PUMP PRESSURE
SWITCH STATUS

JUNCTION
BOoX 1

(
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To Brake Supply
Pressure Switch -

;1• k••.JUNCTION

BOX 2

J16-P26

LOW BRAKE SUPPLY
PRESSURE SWITCH STATUS

_' I 1' 1 1_

B-67



To Brake Release
Pressure Switch

•1•• JUNCTION
J51 BOX 2

J16-P27
LOW BRAKE RELEASE 1 9 i
PRESSURE SWITCH STATUS

S~JUNCTI ON

41 7 BOX 1

-0 0-

r 68
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-T-I-
To Brake and Clutch T
Lube Pressure
Switch

JUNCTION
J51m BOX 2

J16- P28

LOW BRAKE AND CLUTCH
LUBE PRESSURE SWITCH STATUS

(

H- 6-

S~JUNCTION

.Wi

B-69 i



J 16 -P314

LOW SUSPENSION SYSTEM
"SUPPLY PRESSURE J D

To Supply
-- Pressure

Switch

Al8 BOX I

Ll

( .
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"- i "-iTo Suspen-

I 1"! Ia sion Com-

J16-P35 pnna16-PaSD i l•Switch
PORT 5 SUSPENSION
COMPONENT SWITCH STATUS
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J51 80 BOX 2

IJ49 E
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- IAuto ijIG ' -

Pr Return To
+24V L Water jet

J17-P12 +24V By-Pass

DESIRED WATERJET Valve
BY-PASS VALVE STATUS

51 IJUNCTION
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(-
TJUNCTION
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JUNCTION BOX 3

Ltn

To Seawater Pump

-E17

J17-P13

DESIRED SEAWATER-____
PUMP ACTIVATION
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B40 77
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J17-P15

DESIRED SECONDARY
GRILL OPZN VALVE STATUS GND

SoTo

Return T
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"ValveHyd 00
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-4 Pwr

S~~JUNTN
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J17-P16

JESTRED PRIMARY N
COOLING FAN STCLJ
VALVE STATUS

-MReturn 3 To Primary

>< Cooling Fan

V- 0_ StopValv

BO I

B- 79
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J17-P17

DESIRED PRIMARY
COOLING FAN ON
VALVE STATUS

Re| • turn t To Primary
"_ +24V , -' Coo iog Fan1 ' On Valve

FOR c o
RELY-,

llu

PWR 
-JUNCTION

4 1BOX 1
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To Level Switch -

A--H Eff JUNCTION
1 1 sBOX 2

J17-P21

LOW STARBOARD HYDRAULIC
OIL LEVEL SWITCH STATUS J S

- i i"' H i1-

/

I_ ___
S~JUNCTION

BOX 1
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-- TT 1 -- To Level-_ .: _ ® Switc•h
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II
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2JUNCTION

BOX 1
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J 1 7 - P 2 3 = " 
"

LOW ENGINE OIL
PRESSURE SWITCH
STATUS

• -,. [To

Pressure
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J JUNCTION

J40 6BOX I
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To Suspension
Component Switch T.-

T 7 JUNCTION

J17- P24
STARBOARD 5 SUSPENSION
COMPONENT SWITCH STATUS J49 K
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B- 84
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To Suspension , .i_________
Component Switch&

S~BOX 2

J17-P25

STARBOARD 4 SUSPENSION
COMPONENT SWITCH STATUS' ]''•

-(.

J44

(-

8-85
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•I•JUNCTION

LIOX 1
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To Suspension__
Comaponent switco-

JUNCTION
"BOX 2

J51 H

J17-P26

STARBOARD 3 SUSPENSION
COMPONENT SWITCH STATUS 4

(

J40 3

_ _
(_ _

lIIN(.IIO
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(.7 To Suspension
Component Switch G

JUNCTION
BOX 2

Jl. -P27

STARBOARD 2 SUSPENSION
COMPONENT SWITCH STATUS

I I .1 1_ m
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J49 G

_J H
~JUNCTION

BOX 1
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To Suspension --_--

Component Switch \% <*

.. • JUNCTION
i•" BOX 2

J17-P28J4F

STARBOARD 1 SUSPENSION
COMPONENT SWITCH STATUS
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_ -- T- --- -
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• [- • @ Closed

Switch

J17-P31 JUNCTION

RAMP CLOSED AND J h

LATCHED SWITCH STATUS
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• JUNCTION

BOX I
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C

J17-P32

PRIMARY GRILL CLOSED
SWITCH STATUS
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(o- Grill Closed

E-1
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LI JUNCTION
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J17-P33

HIGH CONTROL SYSTEM
VOLTAGE SWITCH STATUS IJ99-1 IH'J-

JUNCTION

( 'BOX 1
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J17-P34
HIGH VEHICLE SYSTEM
VOLTAGE SWITCH STATUS

To High Vehicle cc
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Switch en

JUNCTIONjk P2O 3 r Bo X I

(
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J17-P35

LOW CONTROL SYSTEM
VOLTAGE SWITCH STATUS 1K L

To Low Control
System Voltage
Switch

• JUNCTION
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J17-P36

LOW VEHICLE SYSTEM
VOLTAGE SWITCH STATUS
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Voltage Switch
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SIGNAL RETURN
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DESIRED HYDRAULIC
BY.-PASS VALVE STATUS
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Hydraulic Bilge (D.Return- -
Pump Valve 19m

J18-P13
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BILGE PUMP VALVE
ACTIVATION
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J18-P14

DESIRED PRIMARY -
GRILL OPEN VALVE STATUS cT10R6
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Val ve
Pwr. 17)
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J18-P15
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+24V Counter-
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JUNCTION
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